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Preface 



Despite a consensus that the era of abundant, cheap 
energy is over and that continued dependence on 
foreign energy sources can be a threat to our national 
security^ there is still no agreement on solutions to 
America's energy problems. The fifteen articles in this 
booklet explore the nature and dimensions of our cur- 
rent energy dilemma, place it in historical perspective, 
and consider its implications for our way of life as indi- 
viduals and as a natbn. The potentials and limitations 
of alternative energy sources— such as fossil fuels, 
nuclear, a^^d solar — are examined, along wUh the 
moral social, political, and economic issues involved in 
our energy choices. 

These articles were originally written for the twelfth 
Course by Newspaper, ENERGY AND THE WAY 
WE LIVE, offered in newspapers throughout the 
country for the first time in winter/spring, 1980, Melvin 
Kranzberg, Callaway Professor of the History of Tech- 
nology at the Geoigia Institute of Technology, was aca- 
demic coordinator for this course. 

Courses by Newspaper (CbN), a national program 
originated and administered by University Extension, 
University of California, San Diego, develops news- 
paper anidcs and related educational materials that arc 
used as the basis of cdtcgc-Icvcl courses. Hundreds of 
newspapers and participating colleges and universities 
throughout the country cooperate in presenting these 
courses to the general public. 

Each course features a series of weekly nc\^bpapcr 
articles^ written by distinguished university scholars 
and other experts. Supplementary materials include a 
book of readings and a study guide for interested read- 
ers, audio cassettes^ and a Source Book for community 
discussion leaders and instructors. 

Colleges wtthin the circulation area of participating 
newspapers offer the opportunity for readers to meet 
with local professors and earn college credit. If no local 
college or university is participating, credit arrange- 
ments can be made \vith the Department of Independ- 
ent Study, University of Minnesota, Minneapolis, Min- 
nesota 55455, 

This particular course was prepared in conjunction 
with a nationwide dialogue, '^Energy and the Way We 
Live: A National Issues Forumv" coordinated by ihc 



American Association of Community and Junior Col- 
leges with funding by the National Endowment for the 
Humanities and the U,S, Department of Energy, A 
series of National Public Radio broadcasts and cable 
television programs, along with hundreds of commu- 
nity forums across the nation, are part this major 
effort to engage the nation in a thoughtful discussion of 
energy issue*^ 

The first ^^ourse by Newspaper, America and the 
Future of Man, was offered in the fall of 1^74, Subse- 
quent courses have included: 

In Search of the American D^eam 
Two segments of The American Issues Forum 
Oceans: Our Continuing Frontier 
Moral Choices in Contemporary Society 
Crime and Justice in America 
Popular Culture: Mirror of American Life 
Taxation: Myths and Realities 
Death and Dying: Challenge and Change 
Connections: Technology and Change 
To date, approximately 1300 nev^spapers and 900 
colleges and universities have presented these courses. 
Approximately fifteen million people read the articles 
for each course, and almost fifty-five thousand persons 
have earned credit through Courses by Newspaper. 

Courses bv Newspaper has been funded since its 
inception in 1973 by the National Endowment for the 
Humanities, a federal agency created in 1965 to sup- 
port education, research, and public activity :*i the 
humanities. Supplemental funding for this course has 
been contributed by the Public Understanding in Sci- 
ence program of the National Science Foundation, 
which has as its primary purpose the improvement of 
the content and process of communication between the 
scientific and nonscientitic communities. \Vc gratcfuUv 
acknowledge their support, 

We also wish to thank United Press IntcrnationaL 
which has cooperiitcd with CbN since 1975 in distribut- 
ing the jnicles participating newspapers across the 
et>untry. 

The views presented in these articles, however, arc 
those of the authors only and do not necessarily relleet 
the views of the University of California or of 
funding and distributing agencies. 
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1 , Our Energetic Lifestyle 

DOROTHY K. NEWMAN 



ERIC 



Americans are the \\orld'i most glutlonous encrgv 
consumers, Wtth about 5 percent of the \\orld^ 
population, we gobble up one-third of all energ> used 
in the world. 

We self-rightcously chide Third World countries for 
too rapid population growth* while if we add our tars to 
our human population, the total h increasing much 
faster than arc Third World populations. 

Adding ears to people for assessing growth may seem 
outrageous. But cars use far more nonrenewable or- 
ganic materials per year than people do. Besides, cars 
arc extensions of Americans; adding them to people is 
merely giving cars their rightful place in our culture. 

Furthermore, this arithmetic emphasizes that our en- 
crg> use IS dircctl> tied to omt lifestyles. Public policies 
to save cncrg> must therefore take into account whether 
or how to change lifestyles, for the evidence indicates 
that those Americans who use the most energy arc un- 
willing to make \ountary sacrifices for eonscr\ation. 
Conservation has been effective only when backed bv 
law. 

How Much We Use 

The things we buy, use, and repair, and the scr\ ices \ic 
demand for our communities, consume huge amounts 
of energy that do not appear on household utility bills 
or on gas pump meters, \\hich measure direct energv 
use. But we use four times (is much indirect energy to 
maintain our lifestyle. 

You can figure out your own energy consumption b) 
using a Lifestyle Index, developed by Albert J* Fritsch 
of the Center for Science in the Public Interest, which 
provides an energy factor for every item one uses, each 
activity engaged in, and each service provided. 

For instance, clothing involves energy costs in mak- 
ing the fabric, and designing, sewing, and shipping the 
garment. If you charge it instead of paying cash, the 
costs in billing machine usage, paper, and postage must 
be added. Or take government services: we must as- 
sume our share of energy use in keeping offices run- 
ning, roads repaired, police on the beat, and trash 
removed. 

Food and grocery packaging is cspeciallv energy in- 
tensive. We must account not just for soda pop, but for 
the bottle and everything that led up to the final prod- 
uct, including the ads and neon signs that say it's re- 
freshing. And it's not just running an automobile that 
we must consider but the steel, chrome, rubber, plas- 
tics, glass, upholstering, and the energy used to make 
all the other parts and extras. 

Who Uses Most 

Secondary energy use— what goes into making and 
maintaining our goods and services — m<itchcs the pat- 
tern of primary or direct cncrg> use m our homes and in 
running otir cars. 



Se\eral recent sune>s sht^w that primarj energy use 
varies according to income and location. The better off 
you are, the more energv you use both inside and 
outside the home, cspccLally in transportation. 

In \^1S. after the Arab oil embargo, the ^ell-off 
(S25,OOt) Or more income) used 73 percent more n,»tu- 
ral gas than lo\\nncome families (S6,()(10 or less for a 
family of four), more than twice the electricity, and 
over four times the gasoline. 

Households differ widely in the kind of house and the 
number and kind of eon\eniences thev ha\e. The \\ell- 
off live in big homes, exposed on four sides to the 
weather, \\ith large windows, more than ^nie bathroom, 
and central atr conditioning. Such homes use targe 
amounts of cncrg> for heating space and water, and for 
cooling — the most energv- intcnsi\c requirements in a 
house. 

The well-to-do alst> ha\c many more electrical appli- 
ances than lower-income households, including such 
large cncrgyHntensive kinds as frost-free refrigerators^ 
color TVs. and self^cleaning ovens. 

In contrast, most tow-income households live in small 
homes or apartment;; w ith one bath. Many have on!y a 
black and white TV; their refrigerators arc not auto- 
matically defrosted, their o\cnsarc hand cleaned, and 
they are usually without air conditioning. 

Using an appliance index that weights household 
appliances according to their averagp energy use, we 
find th;it two-thirds of the low-income households had 
very low appliance index scores iii 1972-73, and two- 
thirds of well-off households had very high scores. 

Obviously, those with less income are not just using 
less cnerg)', but doing without many work-saving fea- 
tures others enjoy. All appliances togcthci, however, 
use only l,S percent of the cncig> Americans consume 
directly. 

The not so obvious significance of the appliance in- 
dex is its almost perfect correlation with total energv 
use by the household. It is a symbol of lifc^itytc. The 
high appliance index household tends to bt an energy 
gobbler; the low appliance user is ancnci^ conserver 

Such a conserver* however, uses energy sparingly, 
not with the gqal of energy conservation, but because 
the household cannot afford the cost of energy — c\cn 
of enough energy for health and minimal comfort, 

Conservalion Problems 

1*his is a critical distinction. It is evident in the paradox 
that the rich conserve the most encrgj by adding in^ 
sulating features to their homes, but they also use the 
most energy. Low-income households, on the other 
hand — called "nonconscrvers*' by some — arc most 
often renters; they have no opportunity for sueh con- 
servation measua's, or they cannot afford the initial 
expense of e\ en fundamental wenthcrii^ing in anticipa- 
tion of future savings, 

7 



A compvirison of households before and after the oi\ 
embargo shows those most Ukely to haw reduced their 
heating uncJ cooHng loss mnde energy-eonsuming ,iddi- 
tions simulttineously. thereby cancelling their energy 
sa\ings. These are the very households where eonscrva- 
tion can make the most differenee. but their ''olunt<iry 
energy saving appears inextricably mixed with the ap- 
peal of greater eomfort and ostentation in living snn- 
dards. 

The automobile is a good example. About half of all 
energ> households consume is for transportation, 
mostly b> auto. Half of all low-income households ha\e 
no ear: those who have, use it ehiefly to get to work. 
Jobs have spread out. making it more evident than ever 
that publie transit systems ha\e earned the jibe, "You 
can't get there from here/" 

Upper-middle and high*ineome households ha\e two 
or more ears, use se\eral times the amount of gasoline 
othei^ do. drive larger and newer ears more miles, and 
take more long trips, by air as well as b> automobile. 
Theenerg> intensi\e transportation lifestyle ofthe well- 
off did not deeline after the oil embargo. 

Only those with few resources use energy sparingly. 
They eiinnot conserve very much on their own. and 
they need help to protect them from energy disiidvan- 
tage. 



Poltey Implications 

So far. major changes m cnerg> policy stress making 
everything more costl>, but high prices alone do not 
deter the American high energy consumer, who has the 
most leewiiy for spending or saving both energy and 
monc>, Sach policies only perpetuate our current en- 
ergy lifestyle. 

How. then, ean lifestyles be changed? Conservation 
must begin where lifestyle is shaped — where wrappings 
become fancier, car styles more numerous and ever 
changing. apartn;cnts and houses ad\crtiscd for their 
'"luxury" features, and new buildings constructed and 
furnished to impress us with their opulence. 

Encrgy-sa\ing is a hard sell to Americans. Such a 
hard sell requires hard-nosed policies that are clear and 
fair, including gasoline rationing; a federal tax on in- 
efficient and nonessential \ chicles, with priKCcds to be 
used for dc\ eloping community -connecting transit sys- 
tems, tax advantages for building or retrofitting struc- 
tures according to energy conserving standards: and 
mandatory building codes. Additionally^ more federal 
funds arc needed for research and technological de- 
velopment in ttic energy Held. 

[n this *"moral equivalent of war."" our first priority is 
to create and sa\c energy. The dolhr cost is liigh. the 
benefits hij^hcr. 



ABOUT THE AUTHOR 

DOROTHY K. NEWMAN isacoasuUamand 
lecturer in socio ■ea)noinics w'lK)se recent work has 
included research forthcU-S. Department of Labor, 
She received a Ph.D. in sociology from Yale University 
and is theauthorof L^r Them Freeze in the Dar/c and 
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2. "Cry Havoc" or "Cry Wolf": 
The Nature of the "Energy Crisis" 

S. DAVID FREEMAN 



In 1859 Edwin Drake started producing oil from a 
weti in Pennsylvania, and the world has been running 
out of oil ever sinee. 

Oil is a '^nonrenewable" energy sourre; there's only 
a certain amount of it on earth. The siime goes for 
natural gas, coal and uranium. 

In 1978, these f^ur finite sources supplied about % 
percent of U.S. energy consumption. Almost hulf came 
from oil and a fourth from natural gas. Coal accounted 
for 18 percent and nuclear, 4 percent. Hydro (water) 
power and other renewable resources supplied only 
about 4 percent of U.S. energy and 6 percent of the 
world's energy. 

The current energy shortage, however, is not the 
result of the limited supply of nonrenewable fuels. 
Rather, it results from the failure of production to keep 
up with growing demand because of economic, environ- 
mental, and political constraints. 

These constraints make it impossible for the United 
States to produce its way out of the energy shortage 
unless we curb our demand. 

Productive Capacity 

Energy itupply i!> usually discu!>!»cd in terms of the quan- 
tities of di!>covered fuel remaining in the ground, called 
■*reserves,*^ or the ultimate size of the energy sources, 
called "resources/" 

However, it is productive capacity — the nmount that 
can be delivered to each home or car or industry each 
day— that i^the key figure. Oil in the ground might just 
as well he mud if the capacity ;md incentive to produce 
and sell it don't exist. 

The pace at which \\ell.^. mine^. refineries, and other 
linki in the energy chain are developed depends partly 
on the price paid by consumers. lung a^ Middle 
Eastern oil wa!> !>elling iit low pricc!> that reflected its 
low production co!>ts and ^as readily available, there 
was little incentive to develop domestic alternative!;. 

Now that imported oil is priced much higher bv 
OPEC and its availability is unreliable, it is necessary 
for us to use less and to produce more costly domestic 
energy. But since no one guarantees future prices, in- 
vestments hy private com^)anies for higher^priced 
sources will lag. 

Price alone doesn t go\ern the rate of oil production. 
Environmental laws and impacts on nearby communi- 
ties rightly place constraints un the rate of energy pro- 
duction. The world\s pro\en reserves of crude oil total 
uhout 650 billion barrels, enough to last about .10 years 
at current rates of consumption. '^Estimated tescrves," 
those thought to exist hut not yet discovered, may total 
roughly three time;; much. 

Yet, even if we created an energy company's dream 
world— high prices, no environmental laws, and lenient 
government policies— the rate of gn)wth in energy pro- 
duction, especially petroleum, ^vould still he constrained 



because existing fields are heing depleted, new ones 
will be smallen and more difficult to locate. 

The most severe constraint, however, i^; that the 
OPEC nations have learned that holding back on oil 
production enables them to keep increasing prices as 
consuming nations bid ever higher for limired supplies. 

But domestic production can't grow fast enough to 
meet growing demands. The United States now imports 
almost half its oil; if we are to cut back on imports from 
an oil-short world market, we must practice conserva- 
tion and develop substitutes for oil. 

Most of the problems of oil production also apply to 
natural g^s, except relatively little natural gas is im- 
ported. The "easy to find" reservoirs have been dis- 
covered and are rapidly being depleted. Even without 
price controls, which dampen the incentive to explore 
for new sources^ it will he difficult to find the remaining 
gas as rapidly as existing reservoirs are depleted. 

The world's proven reserve of natural gas is about 
2,200 trillion cubic feet; its estimated resource^ about 
8,150 trillion cubic feet. Proven reserves of gas in the 
United States are about 200 trillion cuhic feet, enough 
to last only 10 years at present consumption levels. 
Even if the most optimistic estimates of undiscovered 
gas reserves prove true, U.S. production of natural gas 
will be seveiely curtailed in 30 to 50 years. 

Coal and Nuclear Energy 

Coal also illustrates our frustrating energy dilemma. 
Coal resources are large, compared to petroleum. The 
proven U.S. reserves could last about 700 years at 
present consumption rate^;. But ohstacles to mining it 
and burning it in a socially acceptable manner have 
limited its use, and new technologies to convert coal to 
electricity and synthetic fuels need perfecting. If we can 
sol\e these environmental and technical efficiency pruh- 
lenis. coal could supply a growing share of our needs 
well into *he future. 

Nuclear energy is a i|uestioii mark, largely because 
the public fears it, especially after the Three Mile Island 
incident. In the next two decades the amount of ura- 
nium in the ground isn*t likely to be a smiting factor. 
But, if more efficient nuclear plants cannot be per- 
fected, nuclear fission is a relatively small .source of 
energy, no larger than onr oil and natural gas resources. 

The United States could get energv from nonrenew 
ahle sources yet to be developed, such as shale nil or tar 
sands. It Is estiin;ited that \\e have 2.000 hillion barrels 
of oil in shale, more than all the crude oil in the Mid^ 
east. But the shale oil poses awesome cn\ironmcntal 
prohLms, and other sources arc untested and likely to 
be very expensive. 

Renewable Sources 

Ohviousl>. onr nonrenewable energ> sources ^ire going 
to run out some day. The probleui then i.s to develop 
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renewable or supenibtindant sources iinil use our fossil 
fuels and uranium widely w bridge (he gap in the mean- 
time. 

There are four potentially major sources ot "durable 
energy that should be pursued: the nudear breeder, 
fusion, geotherma] power, and solar energy. 

The nuclear breeder holds promise of energy abun- 
dance, A breeder reacfor is fueled by plutoni(mi-23*> 
instead of the uranium-235 used in today s reactors 
While a breeder reaeior operates, it "breeds'* more of 
this plutonium fuel from uraniuni-238. which is abun- 
dant. This ''breeding'* of fuel a>uld allow tbe known 
reser\e*> of uranium to fuel breeder reactors for many 
eenturies. But development of the breeder i^ clouded 
by concerns over safety, proliferation of atomic bombs 
from its fuel, and escalating costs. 

Fusion power is, in a sense, an energy source as 
powerful as the sun in a reaetor here on earth. Fusion 
a>uld supply an almost unlimited amount of energv. 
But after 30 years of intensive effort, the bcientific 



feasibilit) *)f fusion has >et to be established l^>r novi. 
it s a long shut. 

Geothermal power, using geyser steam, seems more 
diffuse anddiffieult to harness than thestm. Geothermal 
sites m the United States are seattered. and harnessing 
them presents major engineering,, nnd environmental 
problems. 

Solar energy offers the best possibiUt> for our high- 
energy civilization to continue. Using the sun to heat 
buddings is practieal toda>. but harnessing the sun to 
generate eleetrietty on a large seale wilt require all our 
ingenuity. Whether the nation rises to that ehallenge 
may well determine our fate in tbe next eentur>. 

For the moment we are short of energy and new 
sources are many years away. And the shortages will 
grow It we don't curb our wasteful appetite for energ>. 
Any poliey not rooted in programs to eonserve energ> 
b> makingthe American econoni) more energy-effieient 
is doomed to failure. 

Conservation is our quiekest and eheapest st^urce of 
supply. 
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3. Substitutes for Human Muscle 

Past Crises 

LYNN WHITE, JR. 



The words "energy crisis" imply that what the world 
is now experiencing is an unpleasantness t v.it vtiW 
be fairly brief and will be solved by some sort of teehno* 
logieal fix, 

Don t hold your breath until tliat happens. It 
take eenturies. 

There have been past societies — the Periclean Age, 
for example — that had very limited, even dwindling, 
sources of energy but didn t worry greatly about the 
situation or do much to remedy it, 

Rome was a magistral civilization that got a lot of its 
energy from plam human muscle, cspecialty the muscles 
ol slaves. But the poor were scarcely better off than 
slaves. It seems never to have occurred to an educated 
Roman that slavery kept the wages of free labor at 
abysmal levels by its competition. 

And since so hign a proptmion of the population 
lived in great |K)verty, it w;is doubtless politically rash 
to develop Other sources of energy or labor-saving de- 
vices lhat would put people out of work. When, in the 
first century, an engineer offered Cmperor Vespasian a 
novel machine that could hoist the great colnnin^ of a 
new temple at reduced labor costs, the Emperor re- 
warded him but refused to u.sc his device, saying. "1 
must feed the little people.'" 

This attitude may account for Roman indifference 
toward the water-mill, which was invented in the first 
century before Christ, One early mention of it is in a 
lovely Greek poem thai urges the slave women to sleep 
laie because the \vater nymphs ha\e taken o\er their 
former task at su -up of grinding by hand the Hour for 
the meals of the aay. No tloubt it is bad social strategy 
to let slaves sleep late. The water-mill was not spread 
rapidly, or its uses diversilted. until after the eollapse of 
the Western Roman Empire and the general ct>n\er* 
sion of Europe lo Christianity, 

Deeline orMusele Power 

I should be happy to connect the spread ol water power 
with Christian opposition to slavery; for slavery de- 
clined nolably in thi.s period. There is. however, no 
evidence th;H Christians in either AiUic|uily or the 
Middle Ages condemned sla\ery. The withering of slav- 
ery was probably caused by failure of slaves lo repro- 
duce themselves even at the rate the free population 
ttid, which was low\ Moreover, the deeay of Rome s 
military power, and less frequent eontpiests. resulted in 
a short supply of new slaves. 

The Romans thus f;iced an increasing shortage o* 
workers, Musele*oower was giving out. Yet they did 
amazrngly httic to lind substrtntes for muscles. Perhaps 
the chief reason why the Roman world went lo pieces 
was failure lo recogni/c and grapple with this problem, 

U was not until about the year 840 that watcqjower 
was applied in Europe to industrial tasks other than 
milling gram. The first signal of a new era came at the 



abbc> of Saint Gall in Switzerland: water-powered trip* 
hamnters were pounding the mash for beer. Then we 
disco\ er the same device felting cloth. Soon such auto- 
matic machines were helping to tan leather, crush ore. 
pump bellows of forges, prepare the pulp for paper, 
and do the laundry. In 1204 the first water powered saw 
appeared in N )rmandy. and in 1384 the lirst powered 
blast furnace in '3clgium, 

The Medieval IVIentality 

All this rcHcets a mentality worlds apart from that of 
the Romans, Medieval Europe first developed what wx' 
think of as the modern^^ ideal of a capital-intensive, 
labor saving technology. In the 1180s, forexample. the 
European type of windmill was invented on the flat 
lands i)f Eastern England, and it spread as fast as 
moving pictures did in :he early 20th cciu .ry. Tiic 
Romans scarcely rared abt)Ul improving energy re- 
sources: the Middle Ages were filled with enthusiasm 
for natural power and nev; u.ses of it. 

Inevitably there w:is ecological backlash In the later 
l.'^th century waiter- poweretl siiws were prohibited in 
one \alley of the Fa*iK:h Alps because their new pro- 
ductivity of lumber had devastated the forests In i:^12 
an English observer credited the deforestation of Eng* 
land in part to the search for long spars to make the 
vanes of windmills. 

New^ technologies had contributed in other wavs to a 
shortage of wood. Beginning in the lt)th century, im* 
proved agricultural methods had begun to produce 
much more food, and population had skyrocketed. This 
meant increased needs for fuel, wlijch then meant wood 
Application of power machines to metallurgical pro* 
cesses reduced costs, increased demand, and put further 
strains on the wood supply for props in mines, for 
smelting, and for forging. Wooden ships, wagons, and 
houses increased in number and size. 

To make matters wor Europe's climate began get* 
ting colder so more wocxl was needed for domestic 
heating. By the late l.'^th century a wood famine was 
deswnding on Europe. 

In England the poor, unable to buy wood, turned to 
coal, which was more accessible thnn elsewhere and 
cheaper titan wood, Conseqt*ently. by 1^00 London 
had a severe smog pR>bleni, 

Wood Famine 

Thus the rapidly advancing technology of llie Middle 
Ages, ha\ ing lirst produced a higher standard of living 
than ever before, and a larger population, at last brought 
about an energy cnsis, pollution, and much human 
misery. 

The wooti crisis was temporarily solved not by a 
technological lix but bv a ^ast human traj^edy that had 
little to do with the state of engineering: the IJl'ick 
Death of l.'?47-l.'?5(l. In its first sweep the plague killed 

to 



probably one-third of Europe s popukition. By 1400 
Europe contained only about halT as mun> people ah in 
1347. Produetion fell because half of the market hud 
vanished. Pressure on woodlands deetined, and forests 
gradually restored themselves. 

Population generally remained fairly statie until the 
16th eentury, when it rose again. By about 1575 Eng- 
land was once more suffering from a wood famine. 
People turned quiekjy to coal again, not only for do- 
mestic purposes but also for manufacturing bricks, glns&, 
soap, sugar, salt and the like. But for a long time coal 
could not be used in many industrial processes, notably 
the metallurgical, [t was not until 1709— almost 200 
years after the vvood famine had once more become 
acute — that eoke was first used (o smelt iron. 

From Coal to Steam 

The prolonged effort to replace wood with coal led to a 
steady increase in coal production. Mines went deeper, 
and the risk of their flooding rose. This led English 
inventors to try new kinds of pumps to rid the mines of 
water. 

The breakthrough was Thomas Newcomen's steam 



pump of 1712, Late in the 1700;* James Watt so greatK 
improved the steam engine that steam produced by coul 
became the typical energy used in I9th-ccntur> industry, 
it was the (irst new source of power (Jiseovered since 
the invention of the windmill 600 years earlier. It grew^ 
out of the effort to substitute ct)al for wix)d as the 
primary fuel and thus meet the energy problem that 
had begun to afflict Europe severely 500 years earlier, 
and which, after the catastrophic "solution" of the 
Black Death, had returned as a threat in ttie I6th 
century. 

Perhaps the Romans — or at least iheir prosperous 
decision-makers— would not have been bothered by 
any of these developments, as they were not greativ 
bothered by the growing muscle famine of their own 
period. But P^^ople in the Middle Ages took the ideal of 
a power-based technology seriously, as we, their de- 
scendants, do today. 

Finding a fix for the present petroleum famine is 
becoming the chief goal of our society, because that is 
the way our minds work. But it may be found more 
slowly than we e?(peet. The interim may call for social 
discipline on our part as ^^elt as for Inventiveness, 
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In 1952 Prcsidenl Truman's Material Polic> Coinmis- 
Mon dearly warned that in the l97(Js the United States 
would be dependent on Middle East oiL and tliat un- 
stable politieai eoaditions there could result in a serious 
energy sliortage in America, 

The Commission's prediction^ which turned out to be 
surpri!>inj^ly accurate, was ba^ed on the fact that after 
Wi>rld War 11 oil production in the United States no 
longer met domC!>tlc demand, and we became a net 
importer of crude oil. 

But fev people heeded the Commis^sion s report or 
\Xh pica for energy conservation. After all, America 
had always had abundant energy resources. The Com- 
mission's bleak outlook was. for most Americans, 
just another example of how wrong-lie aded "expert^'^ 
ean be. 

It is true that the increasing availability of cheap and 
flexible sources of energy was one of the most impor- 
Xi\m factors iu the transformation of America from a 
predominantly agricultural nation in 1850 to an indus- 
trial giant a century later In 1950. in facL the United 
States consumed about fifteen times more energy than 
it had in 1850, 

What most people failed to realize, ho\vt;\er, was 
that in the process of industrialization, our econoinie 
and social organization, our jobs and our d,iilv ri>utincs 
had become increasingly reliant on the jvailability of 
petroleum products. The Materials Poliej Commisston 
clearly perceived the true state of affairs. 

Wood, Water and Wind 

Until about 1880 America depended on w^)od, water, 
and wind for its energy tiecds, I'he primeval forests 
were a hindrance to people seeking land to farm, hut 
wlicn they fell to the axe they provided huge c|tMntities 
ot wood. Wwd was practically free, and it was con- 
sumed in the ri>aring open fircpIacc^ of tlic pioneers, in 
the lirc^oxes of locomotives anu steamboats, and in 
iron bUbi furnaces and other tndustrial processes re- 
quiring heat. In 18,S0 about 100 millioti cords— over 
four cords per capita — of \vot^d were burned annually, 
;i very large ainount when one ret][i/,es that a cord of 
wood is four feet wide by lour feet high by eight feet 
loniT, 

For liKal manufacturiag, water power, pu)vidci l>v 
huge \vatcr wheels or primitive luroincs, was plcniiful. 
The Pawtueket Falls of the Merrimack River po\vcrcd 
the textile mills of Lowell, Massachusetts, and the Great 
Falls of the Passaic River provided Patcrson, New Jer- 
sey, uiih the energy for its silk, jute, gun, and loeonio- 
tive factories. As the 19th eeninry progressed, \vater 
turbines became morcconunon and morct^fficient, ^ore- 
shadowing the large hydroelectric plants of modem 
times. 

Windmills dotted the eastern seaboard and aca>m" 
panicd the west\vard expansion. The HaDaday windmill. 



used to grind flour, pump water, and saw wood, was a 
familiar fixture on most farms and ranches of the ^reat 
pl;:ins. Windmills rapidly disappeared from the land- 
scape, however, after the Rural Electrification Adminis- 
tration brouij^ht electrietty to rural areas beginning in the 

ly^Os, 

Mueh earlier, ho>\ever, in the period 1855 to 1885, 
four developments stimulated massive industrialization 
and caused a drastic shift from wood, water, and wind to 
other energy sources. The iirst was the discovery and 
employment of the Bessemer and open hearth processes 
for manufacturing steel inexpensively. The second was 
the appearance of a ne\v science — thermodynamics, 
whose application enabled engineers to design more 
efficiently steam and other engines that converted heat 
into mechanical work. The third was the drilling of the 
Drake well in 1859 at Titusville, Pennsylvania, which 
ushered in the era of petroleum. The fourth was the 
founding in the early 1880s of the electric generating 
industry. 

Age of Coal 

Cheap steel rails made possible the nationwide expan- 
sion of the rail\vay network. Shipbuilders constructed 
steel ships, steel girders were used in bridges and later 
in skyscrapers, and steel wire fenced the cattle ranches 
of the west. Wood, however, was no longer a suitable 
fuel for the rapidly expanding steel mills. Steelmakers 
turned to coal and built their plants near the extensive 
coal reserves of Pennsylvania. West Virginia, and Ohio, 

Coal was also found to be a cheaper, more con- 
venient fuel both for railway loeomotiv es and for urban 
buildings and residences. By the mtd- 1880s ct>al had 
become the nation s chief energy source. 

The age of coal and steel demanded more powerful 
ctigiiics lor mining, for the manufacture and fabric^ition 
of steel, for transocctUiic steamships and transcontinen* 
tal locomotives, and for drivmg electric generators, 
Ustng the laws of thermodvnanucs, ciigiiiccrs learned 
how to employ steam efficiently at very high tcnipera- 
turcs and pressures, and their efforts cuhiiinatcd in ihc 
development of high-speed steam tiirbmcs. 

Electricity Revolution 

Initially, electricity provided p4)wer for arc hglitmg, 
street railways, and electric illumination of buildings. 
Electric motors, however, introduced about »00, pro* 
duced a revolution in industry and the home. Large 
electric motors were attached directly to the massive 
rolls fabricating thick steel plates or prders, while tinv 
motors powered vacucim cleaners anil washing ma- 
chines. 

In providing an efficient power source for each indi- 
vidual maclunc, the motor caused the redesign of fac- 
tories and the rcorgvinuatiun of industrial work, Simi- 
larh. It transformed household work. The electric gen- 
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erating industry exploded, cxptinding its cap^icity more 
lhan 650 limes between 1900 and 1950. In the process, 
generating costs were dramatically reduced, and the 
price of electricity was progressively lowered. 

Urbanization 

A gradual but drastic change in the organization of 
society accompanied the process of industrialization 
An increasingly dwindling proportionof our population 
engaged in agriculture or was needed to provide our 
food. Mass production industries employed nrmies of 
workers, causing m;issive urbnn growth, which, in turn, 
stimulated the expansion uf service establishments— 
hospitals, hotels, department stores, groceries, and res- 
taurants. 

City dwellers needed cheap and dependable trans- 
portation, energy to hetit and light their homes, eook 
food, and run vaeuum eleant^rs, washing machines, ^ind 
the new electric refrigerators. The city began to re- 
scmbEc a complicated machine, in which energy in its 
\arious forms was dispensed to consumers through 
complex networks. 

Industries became coneentrat{.d and were dominated 
by sueh giant corporations as Standard Oil, U.S Steel, 
American Telephone & Telegraph, General Eleetric, 
and Du Pont, in turn, governmental bureauenicy bur- 
geoned in order to regulate trade and industry practia^s 
and to eheck monopolies, and political power hcctmtc 
increasingly centralized in the federal govcmnient. 



Gasoline and Diesel Engines 

In the hue 19th century, three Gernirtn engineers — 
Nicholas Otto, Eugcn Langcn, and Rudolf Diesel — 
became a)nvinccd that centralized, expensive energy 
sources gave an overwhelming advantage to industrial 
barons. They determined to design and manufacture 
mexpensive power sources which would enable small 
entrepreneurs to compete successfully with the giants. 
The eventual products were the gasoline and dicsiH 
mtcrnal combustion engines, whteh, ironically^ gave 
btrth to the greatest mass production enterprises of the 
20th a^ntury— the automobile and truck industry. 

As petroleum production increased in response to 
the demand forgasolme, many electric gcneratingplants 
and other industries took udvamage of the availability 
of the cleaner liquid fuel oil or uf natural gas to fire 
their boilers. The role of eoal as an energy source 
declined sharply, while the consumption of oil multi- 
plied twenty-five times between 1900 and 1950. 

In 1952, when the Materials Policy Commission re- 
port was published, few government leaders thought 
about supporting research to cnaMc the ailing coal 
mdustry to exploit deep deposits profitably or to proa^ss 
successfully co^it having a high sulfur Ci)ntent, 

Future energy reijuirements apart from transporta- 
tion, it was thought, would eome from a new energ) 
source — the atom, which gave promise of clean, de- 
pendable piiwer for the foresceaWe future. 
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Twenty-five yenrs a distinguished Ameriean 
historian. David M. Potter, wroie an innuenthil 
book entitled People of Plemy, ft was a convineing 
demonstration of the effeets of eeonomic ubundance on 
the distinetive Ameriean ehanieter. 

Only in Ameriea could such <i book have been writ- 
ten, Ameriea was promises, and it seemed then as it' 
those promises has been fulfilled — in part because of 
botiiuiftil energy. 

But do those promises stilt hold true? Now that 
energy has become more expensive, can we still l)e a 
people of plenty ? 

American Bounty 

One ot the earliest English descriptions of American 
bounty appeared in Easiward Ho^ a comedy written in 
1605 hy George Chapman and John Marston, Virginia, 
one of the characters declares, is as pleasant a country 
"as ever the stin shincd on; temperate and ftilt of atl 
sorts of viands: wild boar there is as common as our 
tamest bacon here, , > 

And in the 17K()s> in one of the most famous observa- 
tions by an early traveler, Heetor St> John de Crcve- 
coeur wrote: "There is room for everybody in Amer- 
ica> > , > Does he want uncultivated lands? Thousands of 
acres present themselves^ which he may purchase cheap. 
Whatever be his talents or inclinations^ if they are 
ttiodcrate, he may satisfy them, I do not mean, that 
everyone who comes will grow rich in a little time: iio> 
but he may prtiacrc an easy and decent mninrenance by 
his industry," 

But It was not just the fertile st>ii, the hirge forests, 
the vast scams ot coai> the hirgc veins of iron ore and 
the Great Lakes and river system that tied these to* 
gether, that made us a people of plenty— though ail 
these werc*-ssential, America's primary bounty was the 
ingemnty, energy, and character of its pcopIe> 

Long before industrialization began in the I84()s, 
visitors remarked on the kinds of production .ind social 
organization that permitted the United States to take 
the lead in manufactured goods. There was thai largely 
home-taught genius Fli Whitney who. in setting up a 
fnetory to make muskets, in 1779 helped establish the 
principles of mass production: quantity, standardiza* 
tion, and interehangeabiiity of parts. And Oliver Evans 
in the late 18th century invented a continuous fiour- 
miinng system which showed tnc way for the coordi- 
nated parking- hoLisc slaughter of animals, and later for 
the assembly line of Henry Ford, 

What made the American ontfToiirin^ of goods ptis- 
sible, of course, was bountiful energy — water power 
from the turbulent rivet's, wood from the abundant 
forests, coal from the mmcs of Appalachia and south- 
ern Illmois. oil trom western Pcnnsylvj'ii;i and later 
from Texas and Oklahoma, Between IS2Uand 19,30, hy 



exploiting new sources of power, America increased 
4()-fold the supply of energy that it could command per 
capita. 

Electricity and oil changed our lives. 1'hrougU elec- 
tricity we could transform the night with light, provide 
power to drive machines, supply energy to litt eleva- 
tors, run the home appliances that we take for granted 
and the electronic devices whose physics we can only 
dimly grasp. With oil, we heat our homes, fuel our 
autos, trucks and planes, and grow our food through 
petrochemicals that provide feedstock and fertilizer 
These developments demanded increasing amounts of 
energy, particularly oil. 

But the days of cheap oil and cheap energy ::re gone. 
We are hving — and will live — in a very different era. 

Early Warnings 

There were warnings longago. In 1893, in *The Signifi- 
cance of the Frontier in Ameriean History.'' the his- 
torian Frederick Jackson Turner signaled that land — 
for centuries our mo*>t abundant resource — wiis be- 
coming limited in supply. 

In the early I90t)s> President Theodore Roosevelt 
and Gifford Pinchot of the U.S, Forest Service led a 
conservation movement to husband and develop our 
natural resources. The Newlands Reclamation Act of 
1902 propo*jcd irrigation for desert lands, flood control 
for rampaging rivers, and deepening of shallow rivers 
for navigation. 

Yet strikingly, ;d] the^c progniins collapsed as special 
interest groups — such as the lumber, cattlc> and pt)wer 
industries — obtained special advantages from Con- 
gress, Equally striking is our sense of prodigality that so 
affected our view of the past that most of the U>S. 
history textbooks. give scant attention to the history of 
conservation. 

It was not until the \96ih that we became concerned 
about our natural resources. By then> the United States> 
self-sufficient in energy throughout most of its history, 
had begun importing oil. And by 1973 — when the 
OPEC cartel imposed its embargo and tripled and then 
quadrupled the price of oil — our dependence on for- 
eign oil had risen to about 30 percent of our total oil 
usage. 

Energy independence 

The United States is now trying to regain its energy 
indepeitdcncc. This is ncce*jsary for politic<tl reasons so 
we will not be blackmailed by foreign powers. It is 
useful f',)r economic reasons st) that we know the true 
market costs of energy. 

We h;*/e been told, however -not by responsible 
economists, hiit by headline-hnnting politicians or 
simple-minded moralists— thrtt we will have to change 
our way of life totally and acquire new values. 
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1 think — and the evidence shows — that such state- 
ments wildly exaggerate the faets and hinder the formu- 
lation ol a rational poliey. 

Let us foeus on the most visible symbol of our way ot 
life, the automobile. The automobile aeeounts for 76 
pereent of the energy used for transportation, or <;lightly 
under 20 pereent of all the energy we eonsume in the 
United States, (Sinee foreign oil accounts for 23.5 per- 
cent of our totaJ energy, we can say, for dramatic sake, 
that the automobile consumes almost all the foreign oil 
we import.) 

We are told that Americans are prodigal — that we 
eonsume four times as much gasoline per head as 
Western Europeans, But such comparisons ignore the 
greater size of the United States and its lower popula- 
tion density. 

Given the distances in our country and the dispersal 
of homes and jobs, the automobile is a necessity for us. 
Before World War II, when existing mass transit sys- 
tems were laid out- peop!e traveled to the city to work. 

Today, jobs are dispersed — forexample. along Route 
128 that rings Boston; or in "silicon valley*' from San 
Francisco to San Jose, where high technology firms are 
strung out in a line; or in the corporate heauquarters 
that fan out around New York City. A study of auto- 
mobile use in Portland. Oregon, showed that only 4 
percent of driving is for recreation. 



Solving the Problem 

The answer to our energy dilemma is not necessarily to 
drive less, but to drive more economically. Germans 
get 70 percent more mileage per gallon of gas than do 
Americans; the English, almost twice as much. 

The basic, and cheapest* mode of bca>ming energy 
independent is thus conservation. Studies by the Amer- 
ican Physical Society and by the National Academy of 
Sciences, using 1973 figures, showed that by reducing 
heat losses from buildings, improving automobile effi- 
ciency and the like, the same U.S. living standard could 
theo etieally have been maintained with 40 percent less 
encr^^y. 

[s the idea of such conservation realistic? Foltowing 
the oil embargo of 1973, Los Angeles instituted an 
energy curtailment plan with mandatory targets for 
reducingtheuseofeleetricityt but with consumers them- 
selves Implementing specific cuts.The response was 
gratifying: residential use decreased 18 pereent; com- 
mercial. 28 percent: industrial, 11 percent. 

The program brought dramatic savings with a mini- 
mum of sacrifice or change in lifestyles and with little 
investment. 

Could such a system work in the nation at large? 

We would have to apply some practical engineering, 
some practical economies, and some practical common- 
sense. 

Whether we will do so is a test of our national will. 
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The energy crisis really ;i crisis of oil and seeon- 
darily one of natural gas. These two fuels — which 
are ele;in-burning, e;isy to tr;insport, and adaptable to 
many uses — provide thrce-qu;irters of our energy needs 
today. 

To undt-Tstund our present prL*djeumL*nt v^l* must un- 
derstand hovk we c;jmL* to be so hea\ily dependent on 
oil and natur;il gas. 

Both are 20th-eentury fuels. Oil rose from barcfy 
me<isurable use around to a quarter share of total 
U,S, energy eonsumption in 1930 and almost halt m 
J970, Natural gas eonsumption quadrupled between 
1930 and J970. 

Their speetaeular growth has teehnologieal, poiitieal, 
and soeial roots. Repeating the J9th-eentury pattern 
for coat, we ereated new teehnologies that eould take 
advantage of the unique properties of these fuels. The 
intLTnal eombustion engine is the most speetaeular c\- 
ample. 

We also found ways to move local fuels aeross the 
nation. Natural gas began to tlow from the Southwest 
to the Midwest and East as the "Big Ineh/" 'Little 
Inch" and other World War II pipelines huilt to trans- 
port petroleum aeross the country were turned ovlt to 
thL* natural gas industry. Impro\ed seamless welded 
pipelines made transporting gas under high pressurL* 
possibL*. creating new markets and grL'atLT demtind. 

Potittcal and Social Changes 

TL*ehnok)gieal changL*b movL*d in t^rndL^m with pc)litica[ 
and social transformations that assumL*d LmL'rgy would 
he available everywhere, in the lorm needed, and 
ehL*aply — as indeL*d it was, 

PoUtieal changes ineladL*d thL* pas},iige of tliL* Rural 
ElL*otrifteation Aet and the ert.*ation of thL* TL'nnL'sscL* 
Valley Authority to dL*livLT L*lL*etrieal power to thL* tia- 
tK>n's farms and u> thL* sevL*n states drainL*d b> thL*Tcii- 
ncssQC River and its trihutariL*s. 

U)W eost loans and mortgagL's through thL* GI Bill of 
Rights L*ncouragt.*d AnnLTtcans to marr^. Umwc children. 
Mil buy their own lu>nics. bcginnmg the bab\ and sub- 
urban boonis. The Intcrsuitt.* High*vay program st<irtt.*d 
m thL* 1950s, us mission to L^nabk* us to drnc a).tstMO- 
coast without stopping for a traffic light, 

I hL'sc political markL*rs wcfL* c\idLmL\^ of \lL'cpcr so- 
L*ial trL*nds. Urbanization continued. thL* proportion of 
thL* mL*tropolitan population doubling betwL*L*n 1904) 
and l%0. More pL*oplL* hough! c<irs, by l*>70. pL*r- 
CL*nt of alt familiL*s had at lL*aM one. MorL* womL*n weni 
to work, with a third in the labor lorcL* in 1950 and 
ahout half by 1977, 

New Energy Demands 

Common to all these Lh<iiigL*s was a hc>ghtL*nc\l \lL*itiand 
for enL*rgy, In the post-war dceadL*s. the amount of 
energy usL*d hy L*ach person in the UnttL*d StatL*s rose 
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steadily, indicating the inL*rcasinglv higher energy con- 
tent of the goods and services produced. 

These exuberant needs for energy were met by oil 
and gas, indeed, thL*se two fuels were vital to the growth 
of the American economy, where Gross National Prod- 
uct almost quintupled between 1930 and 1977. The 
L*normoussetf-eonftdenee that growth engendered, and 
vast di^ieoveries inTexas, Louisiana, even Alaska, eased 
any anxieties about wedding ourselves almost L*xctu- 
sively to two finite fuels. 

The internal eombustion engine developed further, 
with horsepower a better sales lure than gas mileage: 
the interstate highway system was built on the premise 
of cheap, ubiquitous gasoline. Air traffic, prop to jet. 
grL*w spectacularly even though it is a fuel-wasting way 
to tra\cl short to medium distances,^ compared to rail- 
roads, whose passenger role gradually eroded. 

And there were all those appliances: refrigerators re- 
placed the iee box; washing machines, the washboard: 
air conditioners, the fan. New industrial processes, 
such as the elcctrtc arc furnace of the steel industry, 
appeared. Production of plastics grew prodigiously, 
particularly after World War II, further raising the dL*- 
mand for petroleum. 

Only the henighted would argUL* that thL*SL* L*vents, 
which formed the setting for the energy crisis of thL* 
l*)70s. were a mistake. A home of one's own, a car and 
the highways to drive tt on. clean heat in winter and air 
conditioning in summer— all enriched American life. 

And energy was cheap; its prices as a proportion of 
both Groses National Pn)dnet and of pL*rsonjl incomes 
fell steadily for several decades. New oil fields were 
discovered: natural gas was so cheap and plentiful that 
its market price was set at a level to encourage its use. 

Danger Sign;; 

But there were some ominous signs, including the \er> 
fact that the United States depended largely on two 
fuels. Nuclear energy was not e\cu up to the le\el of 
hydropower— about 4 percent — until the l*)7(K. and 
eoals share shrank and was iiicreiisingly restricted to 
e[ectric<il power plants. The level of oil imports rose 
from ahout 12 percent in 19.^0 to half in the \^liK And 
the rate of oil and gas diseovery per foot drilled wns 
falling, as easilv tound fiekfs had nlreiuK been tripped 

But onlv the politician wishing earl> retirement would 
ha «e denied that more was better or wonid have pressed 
toconser\e energy or to widen thearra^ of fuel supplies 

Moreo\er. while we were raising our energy con- 
sumption, iilmost M)lely through the growth of oil and 
natural gas. we were foreclosing other options. For ex- 
ample, there w;is a post-war effort, through tlu.* Syn- 
thetic Puels Act, to improve on the horrendouslyci)stly 
con\ersion proecsses that the Nazis h<Kl used to liquefy 
coal for fueling tanks and planes. 

That effort withered as chei^p petroleum lH.*came 



Op 



mure widel> dviiilable, ds natural gas found national 
markets, and as the petroleum industry continued its 
opposition to government support of alternative energ) 
sources. The result ^^a^ to impoverish co;il research, and 
u 'Ut coal's role as an alternative to inereasmg imports 
of ever more costly oil. 

And there was a seemingly unlimited supply of oil to 
import. In the I95(ls, new geophysical techniques led to 
the discovery of large oil deposits in Kuwaiti Abu 
Dhabi, the United Arab Emirates, Saudi Arabia, ^ind 
Iran, Productions costs from thc!>e new wells were only 
five to forty cents per barrel compared to two to six 
dollars in the United States, American oil companies 
pressed for an oil import program, which by "protect- 
ing" the niition from cheaper foreign oil accelerated the 
depletion of domestic supplies. 

The environmental movement, which began in the 
gained strength as the true price of energy be- 
came more npparcnt — air polluted by I'ossi I- fueled 
power plants ard automobiles; water heated as it 
coursed through nuclear power plants before spilling 
into rivers and lakes: oil slicks on Santa Barbara Bay 
and the English Channel, 

The attack was well justitied. but the immediate re- 
spoasc led to other problems. For e,x;iniple, believing 



that sulfur dioxide fn m smoke stacks ciused air pollu- 
tion, the go\ernmcnl restricted the burning of high- 
sulfur coals. But the effects of suddenly depriving utili- 
ties of high-sulfur coals— for which they had built 
plants, structured their rates, arranged transportation, 
intensively sought customers — were not thought out. 
Many utilities switched to low sulfur oil rather than 
compete in a seller's market for law sulfur coal, raising 
the demand for petroleum and refinery capacity beyond 
anything anticipated by the pctmleum industry. 

ALsOc the problems of coal raised the already high 
and< in retrospect, deceptive, attractions of nuclear 
(ission for producing electricity. 

The fortunes of oil and gas were thus deeply woven 
into transforniattons that occurred in American society 
beginning in the IWOs- These energy choices refiected 
what American society valued. It wanted oil and gas 
partly because of their eonvenicnee compared to coal. 
In turn, the changes that oil and gas made possible— 
from the automobile age to "clean heat" — entered our 
definition of a reasonable standard of life. Ana m time, 
the environmental movement signaled that clear rivers 
and air were sometimes of more value than an economy 
premised on ever more goods. 

When the price of OPEC oil quint upleil in the I97()s, 
the situation was ripe for an energv crisis. 
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7. Other People, Other Patterns 

of Energy Use 



JOEL DARMSTADTER 
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Energy h ;i incan:> U)^vilrJ u desired end. 
It isvuliicJ because iX helpsproMdc" us wilh iimeni- 
ikb (hat contribute to our sense of ^^ell-bcing. disoliite 
gi\e!> us mobilit>; heating fuels furnish comfort :ind 
warmth: mechanized factory operations produce the 
diversity of goods that wc like to consume. 

The statistics for other industrial nations, which con- 
sume less energ> per capita than the United Slates, 
Houldseem to indieate that it is possible to aehie\e these 
amenities v^ith a more economical use ol enc-rgi than 
now prevails in this country. 
But how reie\ant are foreign examples? 
One faction a^ntends we're misguided for ha\ing 
failed to do what Germany imd some other countries 
ha\e demonstrated can be done with effecme public 
policies, skillful inujstrial management, and prudent 
consumption praeticcsr 

Another faction deplores our naivete in not recogniz- 
ing the dtstincti\e conditions of American socict) and 
iscon\inced that tl^ad^ised efforts to transplant foreii^n 
experience could choke our economy. 
There is an element of truth m b^>th arguments. 

Energy and GDP 

In a purcl) statistical sense J hose arguing that ^^e sliould 
appi) foreign encrg> -consumption practices to the 
United States arc pcrsuaaivc. If wc look at per capita 
Gross Domestic Product (GDP) — the \alue of goods 
and wr\ ices produced domcsticall> per person, whtch is 
roughl> proportional to per capita income— wc find 
that in several other countries this measure is similar to 
that of the United States. >et per cjipita consumption 
of energy is markedly below ours. 

A concise way of depicting this is to measure the 
amount of energy consumption asM>ciatcd \\ith each 
S 10.000 of GDP in selected a>untnes and express it in 
ei]ui\alent barrels of oil The 1976 standings for nine 
countries arc as follows: 

Barrels-orOil Fllquivalent per 
$iO thousand GDP < 1976) 



Canada 

as. 

Netherlands 

Sweden 

West Germ any 

Britjiin 

Italy 

Japan 

Fr<mee 



115 barrels 
100 

8S 
H5 
74 
72 
70 

?4 



The ratio of energy to GDP in German) is more than 
25 percent below ours, in Sweden, \5 percent kmer. Yet 
both are afflucr^. societies. In this list, only Canada uses 
more energy than wc do to produce a .similar amount of 
goods. 

Howe\cr. before C4)ncluding from the German and 



Swedish examples that the United States could drasti- 
cally reduce its ie\el of encrg> use uithotit atfcctingour 
ti\ing standards and our c-cononiic actiMt>. wl- must 
look at the compk-x factors that affect the dil'fercnccs 
among countries in eik;rgy/GDP ratios- 
Structural factors 

One set of factors concerns diflerciiccs in the geographic 
make-up and industrial structure ot ci>Lintrics. In a stud\ 
published se\eral years ago. Resources for i he Fuiurc. a 
nonprofit research organisation, found that about 4ft 
percent of the difference between the high energy/GDP 
ratio in the United States and the lo\tcr European ratios 
IS due to such U.S. characteristics as the large si/c of 
the country and dispersed population, which rcqiiirc- 
gDodsand people to mo\c o\er long distances. Another 
example \s the U.S. prcferciicc for large, single-family 
home?. 

It is debatable A^hether such features can sinipl> [k 
dismissed as "energ> ineflicient" attributes of Amcii- 
can life. Certainly clicap energy, particularly where 
go\ernmcntal policy has kept it artificially chejp. facili- 
tated these evolving patterns. However, these deeply 
rooted aspects of Amerienn society cannot be turned 
around easily — certainh not in less than the decades it 
\\ould take substantially to replace our existing housing 
and alter settlement patterns. 

The RcM)urccs for the Future research disck>sed other 
findings as welL For example, our high energy nst; is 
not— as some ma\ think— a consequence of a top- 
hca\y industrial oric-ntation. If the industrial sector in 
the United States p]a)cd as important a role within our 
economy iis it does in Western Europe, we would am- 
sunic even more energy than we do now. 

Nor ilocs elimatc explain our high usage. On the 
contrary, Europe lias a lower cnerg\/GDP ratio than 
ours despite proportionately greater heating and air 
coiidttionirig requirements. 

So, while some structural featiins such as distance 
and housing can be cited in "cxtcnuation^* of high U.S. 
energy/GDP ratios, other factors, when standardized 
for cx)mparability with Europe, would push our energy 
use even higher. 

The importance of structure in determining u coun- 
try's energy consumption can be itlustnitcd by noting 
that Canada (even when allowance is made for the cold 
climate) uses more energy relative to inct)me than we 
do. This high energy Usage is the result of historically 
cheap hydn)power and abundant natural restnirces. 
which, HI turn, resulted in Canada's spcx'iali/ation in 
such energy-intensive acti\itics as tnetallurgy, pulp and 
paper tnanufaeturtng, and chemicals production. 

E^ncr^y Intcasity 

In addition to these structural factors, there is a second 



SCI ot factors (hat aflcct differences ihc amount of 
cncrgv used: the energv intenbitv— ihji is. eneri;> eon- 
sunicd for the same activity iii \ ikrious coimtrics. These 
factors account for roughly 6t) percent of the diltcrcncjs 
n\ energy/GDP ratios hctwccii tlic United Stones *nut 
Western Europe. 

For example, the fuc! economy of American cars has 
historically been very much poorer, aiKl the encrgj 
consumption per unit of output in a wide range of 
American manufacturing enterprises is distinctly higher, 
than in Europe, 

These differences in cncri^y intensities can be attrib- 
uted partly to the higher prices of foreign energy— par- 
ticularly for motor fuel. And differences in price, in 
turn, arise partly because European prices have been 
held above the market level through taxation of energy 
and cncrgy*using equipment, while in the United States, 
through controls, they liavc been held below market 
IcvcL In both cases, social policy has helped shape 
energy patterns — deterring use in Europe, cnct>uraging 
it in the United States, 

When one takes account of these cost differences, 
high U,S, energy intensities are not ncccss<irily eco- 
nomically inefficient or wasteful from thcst<indpont of a 
household or industrial plant, though the ceonomy as a 
whole may be worse offbccausc of misguided pricing for 
energy. 

Room for Improvement 

Even where the data indicate that one country's energy 
use is more effective than another's, however, it docs 
not mean that it amnot be improved. For example, U,S, 
Freight transportation is, overall, less energy-intensive 
than Western Europe's, But the energy intensity would 



he ^till lower if Imerstate ConimcR'C Commission regu- 
lations would not dictate that a trucker shipping Georgia 
pecans northward, for instance, lias to return with an 
empty truck. 

Similarly, economical heating practices in Sweden 
could be jitill further enhanced if occupant;; of un* 
iiictered apartments served by steam from district heat- 
ing plants did not use their windows to regulate their 
heat! 

The differences iimong countries in energy use arc not 
froxeii into place. Between 1972, the year before the 
Arab oil embargo, and 1976, for example, the gap 
between Sweden's cncrgy/GDP ratio and ours nar- 
rowed from 28pcrccnt to l,5pcrccnt TheU.S ratio has 
been declining while Sweden's has bt*en rising. A nar- 
rowing of the gap with other countries seems likely as 
well. 

There is little doubt that a conservation momentum 
is gradually taking hold in this a)untry, in part because 
of public policies, such as regulations for improved fuel 
economy in new cars. 

Do international comparisons, then, point to the 
potential for significantly retluecd energy consumption 
without sacrifice of economic welfare? It would be 
cavalier to conclude that we have nothing to learn from 
foreign energy-using practices— especially where these 
represent a technological and behavioral adaptation to 
high energy costs, which are now beginning to confront 
us, too. 

At the s:ime time, we would delude ourselves if we 
were to conclude ihni the lower ratio of energy use to 
GDP in some other countries provides a formub for 
painlessly lowering energy ct>nsumption in the United 
States, 
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8. The International Politics 

of Energy 

JOHN K. COOLEY 



In early \919, Ut\f\\ oil \^orkcrs joined the revolution 
that hounded out their hated ruler. Shah Mohammed 
Reza Pahlavi, 

By the year ^ end, seizure of American hostages in thL 
U.S, Embassy in Tehran by the revolutionaries had esca- 
lated the situation beyond the mere toss of energy 
supplies from Iran into a major intemational crisis. 

Cutbacks in Iran's oil exports, and leapfrogging price 
hikes inside and outside the I3-nation Organization of 
Petroleum Exporting Countries (OPEC) were giant 
new steps toward world power by the developing na- 
tions. 

The process by which energy-rich states gained coti- 
troJ of their own resources and also political leverage 
over their Western customers was far more, however, 
than just an exercise in current Muslim or Arab geo- 
politics. Its roots lie much deeper. 

The Seven Sisters 

In 1901, Muzzafereddin Shah of Iran granted gold pros- 
pector William Knox d'Arcy what was to become the 
first traditional Mideast oil concession. By the I^J30s, 
seven big Western firms had come to dominate the world 
energy market. 

In roughorder ofsize, the majors, or "Seven Sisters,*' 
have been Exxon, the Royal Dutch Shell group, Tex .co. 
Standard Oil of California (known as Socal. marketmg 
as Chevron), Mobil, Gulf, and British Petroleum. In 
some areas a smaller, "eighth sister" hasbcL^n France^ 
Compagnie Fran^aise des Petroles, 

Under the old concession system, the companies ran 
huge oil-bearing territories almost like colonies. Host 
governments had little control and shared minimally in 
profits. 

Venezuela was the first to break \vith this pattern 
After its first free elections in 1948, a nationalistic go\- 
ernment passed an income tax law giving the ^jiovern- 
inent 5i) percent of the oil companies' profits— at that 
time a truly revolutionary step. 

The 50-50 system spmid quickly to the Mideast, 
where Saudi Arabia took the lead in demanding half 
the profits of the Arabian- A mcriean Oil Company 
(ARAMCO)^owned then by four of the seven sisters: 
Exxon, Texaco, Socal and Mobil "Profit,'^ calculated 
bv deducting production LX>st from the crude oil price 
"posted" by the company, was spht e<|ual[y between 
company and producer government, Kuwait. IriKj and 
others soon followed. 

Iran's efforts in the I95(K under f^rimc Minister Mo- 
hammed Mnssiideij to break the concession system alto- 
gether and nationalize oil, brought confrontation be 
tween Mossadeq and a LX>alitionuf the Shah, the [Jntisli, 
and the U-S, CIA— which brought the Shah back from 
temporary exile in \95^ in a military coup. 

Before the 1950s, the seven sisters acted together to 
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establish a single world price for oil, based on the Gulf of 
Mexico oil price set by U,S. oil companies. Since Mid- 
east oil was vastly cheaper to produce than Gulf of 
Mexico oil, the majorcompanies made enormous profits 
in the Middle East. 

By the 1950s, however, Saudi Arabian Light oil had 
replacerl '^^ulf of Mexico oil as the world's pricing yard- 
iu^K Wher. iJ,^ Suez War of 1956 between President 

issv^r'i^ Eg^jpX jnd an Anglo -French -Israeli coalition 
^emporaiily clos'^:' the Suez Canal to tankers, the price 

Saudi ArabiaJ: Light rose to a then unprecedented 
i.oight of $2,12 ptr ban* ^compared to $32 for some 
Ot nC spot transactions in the late 1970s). 

Nlule.ib: oil-ptroducing countries l^rieffy tasted wealth, 
so whcii ihe toreign-owned companies unilaterally cut 
prices drastically again in 1959-60 without consulting 
producer governments, the shock v^ras rude. 

Creation of OPEC 

The offspring of this shock, fathered chiefly by two oil 
ministers. Abdallah Tariki of Saudi Arabia and P^rez 
Alfonso of Venezuela, was OPEC, It was conceived at 
the first Arab Petroleum Congress of April 1959, and 
born at a crisis meeting of Iran, Iraq, Saudi Arabia, and 
Kuwait in Baghdad in 1960, 

Eventually, the five charter members were joined by 
Qatar, Libya. Indonesia. Abu Dhabi (now the United 
Arab Emirates), Algeria, Nigeria, Ecuador and Gabon, 

To force prices up to fair levels, OPEC in the 1960s 
regulated production. Its members also sought equity 
participation for host governments in decisions regard- 
ing production, distribution^ and pricing, first urged 
upon ARAMCO by Saudi Arabia in 1964, When a 
world sellers' market for oil appeared in 1971, OPEC 
iTiemlKTs were able to elbow major companies, litile by 
little, toward granting participation. 

Revolutions in Iraq ( 195K), Algeria ( 1962). and Libya 
(1969) led those three Arab states to nationalij^e pradue- 
tion and related operations like distribution and market- 
ing, Graduilly they gained full control of Western oil 
operations Kia their soil. Other OPEC meml>ers 
branched oiii into creating their own petrochemieaL 
natural g:is. ami tanker inilustries, 

By f ebruar> 1973, a de\aluing U.S. dollar letl OPEC 
to iK'giiidristie price hikes to protect nienihers' income. 
Then, as U.S, import demand r<)se, the Arab oil em- 
bargo exploded upon the West, to support Lgjpt ami 
Svria in their 197."^ war against Israel. 

World o„ prices ijuadruplcil, and supplies drastically 
tightened in the 1973-74 period, bringing world reces- 
sion. Despite such Western ci>iintermeasures as forma 
tiun i)f the tntcrn.i ttonal E*ierg\ Ageiic> to share scarce 
supplies, a series of OPEC conferences —not without 
mter-OPLC wraaglmg — moved prices upward again 
and again. 



28 



OPECs Power 

Thus, in the twenty yc;irs of OPECs life, (he oil-rich 
Inndsof Africa, Asia and Latin America have risen from 
(otal subservienee to the industrial world outside the 
Soviet bloe to potetitial economic tnastery over that 
world. 

[n 1960 the United States^ Western Europe, and 
Japan wea* almost sole owners of the non-communist 
worlds energy sources and distribution system. By 
1979, they had beeome dependent for energy on about a 
dozen oil-pnxlueing states. Drawing about half its oil 
from OPEC, the U,S, found that OPEC was increiis- 
ingly able to infiuenee its foreign policy. 

True, the economie interdependence of the world h;ts 
mittg;tted this situation somewhat. Oil giants itke Saudi 
Arabia depend on the West foreverything from wheat to 
weaponi>. including the Western technology they need if 
they ;tre to end this dependence. 

Nonetheless, by 1979. Nigeria, blaek Afrieas major 
OPEC member, had begun to exert pressure on the U.S. 
to iavorthe political solution it sought in Rhodesia, and 
Arab and M uslim OPEC members and their allies were 
tntluenemg polieiesof West Europe and Japan to favor 
the Arab and Palestinian eause in the Mideaiit. 



By combining skillful uac of the oil weapon with 
extreme politieal aeumen. President Sadat broke the 
stalemate with Israel in 1973. 

First, with Syria, he waged limited war against Israel. 
Then with U.S, Prcstdcnt Jimmy Carter, Sadat pursued 
apoliey that they both termed "^waging peace" — leading 
to the Egypt-Israel peace treaty signed in Washington 
Mareh 26, 1979, the first whicJi an Arab government 
ever signed with the Jewish state. 

Today, the U,S. struggles toward a coherent energy 
policy. President Carter smce 1977 has been seeking to 
allow U.S.-produeed energy to rise toward world priee 
levels, thus encouraging U.S. domestic production while 
the North Sea, Alaska and other non-OPEC sources are 
developed, and research goes forward on alternatives 

Meanwhile, OPECs constantly growing leverage 
faces the U,S. with hard choices. Should it consider 
seizing oilfields or breaking blockades by use of military 
force'? Or should it consider reshaping US. foreign 
policy to please OPEC members? 

Or* finally, should the U.S. government try to curb, 
through legislation and mass education. America's in- 
sati^ible appetite for OPEC oil? These questions are 
certain to engage the attention of Americans well into 
the 198()s and beyond. 
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9. The Global Lifeboat: 
Energy and the Third World 

KENNETH E. BOULDING 



At least half the wortd's population lives in poverty 
in rural areas in the tropieal belt (and in China). 
Their lives have been largely urtouehed by seienee- 
basedteehnologyorbyuseoffossrlfuel resources, whieh 
elsewhere have ted to the luxuries of our ''modern** 
world. 

Now that these resourees are bc'coming inereasingly 
searee and expensive, arc these so-ealled "Third World" 
countries condemned forever to stay in prescicntifie 
poveny? Have they eome too late to the feast of geologi- 
cally stored energy and materials? 

The probability is uncomfortably high. Reducing this 
probability, through action and moral persuasion* must 
be onL' of our highest priorities. 

Ent;rgy and Technology 

The last 200 years have seen perhaps the greatest ehangL' 
in human history. This change has resulted from two 
closely related processes. One is the rise of sciencLN 
which led to a great expansion of knowledge and its 
application in science-based technology. 

The other is the discovcryof fossil fuels — eoahoiland 
natural gas — and of uranium. Without eithcT of theic 
developments, the world of today would be strikingly 
different. 

Without scienee-based technology, we would not 
have stechframed skyscrapers, automobiles. ferttlizL'rs. 
anificial fibers and plasties* airplanes — mueh of what we 
think of as the "modern world/* But even with the rise of 
sdL'Fiee^ if there had bcL'n no eoal oil. or natunil gas, 
there would probably be no automobiles or iiirplanes. 
though there might be electricity^ radios, and television 
on a small scale with a few wood-burning power sta- 
tions. 

And without science, we ei)uld not have utilized oil 
and natural gas. though we might have had primitive 
eoal-burning steam engines. The issues of energy and 
science arc thus intcrtwinc'd. 

Rich Get Richer 

One byproduct of the change brought about by sciL'ncL' 
and energy is that the world has become much more 
unequal in riches because of the unequal spread of the' 
change itself. The change toa sdcncc-bascd technology 
took place quite rapidly in most areas of North AmcTica- 
Europe, and Japan between I860 and the 1930s, with 
the rise of the cicctncal and chemical industriL's and of 
science-based agriculture. 

fn the tropics, however, the change took place very 
slowly and is still largely confined to bigger cities. The 
rural people thc're have been affected only slightly b> 
the great revolution of seiencL'-based technology, which 
means they arc' still very poor. Even worse, where' sueh 
technology has affc'ctcd thc'm. it may have in<idc the 
poor poorer by cheapening the few commodities they 
have to sell and by disrupting the 'folk" cultures in 
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which they live, making them desire expensive goods 
and destroying native craft industries. 

Grim Prospects 

What then of the future? Will a science-based tech- 
nology spread throughout the tropical countries* releas- 
ing hundreds of millions of people from agriculture lo 
produce the conveniences of the modem world? 

The spread of scientific knowledge and know-how is 
not too difficult, if political and cultural obstacles do 
not bar the way. The crucial questions C()ncern energy 
and materials, which arc the limiting factors in getting 
richer. 

Even discounting inflation, it seems highly probable 
that energy and materials will become constantly more 
expensive in the next 100 or 200 years. Cheap oil and 
natural gas will begone, certainly in 100 years, proDably 
in 50. Coal will last somewhat longer, but it has gre;it 
disadvantages, including damage to health and the L'n- 
vironment. 

Uranium and the breeder reactor can provide elec- 
tricity for the world for centuries, and with our present 
knowledge, nuclear energy may be the main long-run 
hope of the poor countries. But it, too. has many disad- 
vantages: it requires a high technology and an elite 
group to administer it; it entails small probabilities of 
large disasters (and even small probabilities do come to 
pass): and it poses grave danger of being used destruc- 
tively. 

New knowledge, e^peejally of how to utilize solar 
energy, may make nuclear energy unnecessary, but we 
eannot be sure. At the moment, solar electricity is very 
expensive. Furthermore, eleetrieity is not fuel;h will not 
drive airplanes and is not mueh good for automobiles. 

Possible Solutions 

Unless, therefore^ there is continued expansion and 
useful appliaition of scientific knowledge, the chances 
of Third World n^ttions remaining permanently disad- 
vantaged are all too high. 

The Hrst essential for reducing this likelihood is ap- 
plied research in population control With the 4'/* billion 
people now on L'arth. the problem of finding adequate 
rest)urees is extremely difficult. With the 8 or 10 billion 
people projected for the mid 21st century, the problem 
may be impossible. Every dollar devoted to the military 
lessens the amount available to balance production with 
population needs. 

Gnints from the rich nations to the poor should be 
encouraged, but they alone cannot solve the problem. 
The only hope is a growing sense of world community, 
!)ascd on two competing moral arguments One is the 
notion that the worid product is a "static pie," and it tries 
to make those who have created riches ;ishamedof them 
St) they will give the poor a '*fair share/' 

The other argument states that all humans iDiist work 
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together to solve the world*s problems and to develop 
the teehnical oompeteney of the poorer peoples — and 
that is quite a different problem. 

This pieture^ of course* is enormously oversimplified. 
There is no "Third World**' but a great variety of 
countries and regions with different resources anJ prob- 
lems. The oil-rich but technologically poor countries 
may invest in technological change, giving them a per- 
manent advantage over resource*poor countries. 

Meantime, many of the really poor countries seem 
headed for disaster through population expansion on 
a very limited resource base. For them* the major 
energy crisis at present is not oil or gas* but firewood. 
In the mountainous tropics, especially, from Nepal to 
East Africa and to the Andes* forests are beingcut down 
for firewood to supply the barest needs of an ever- 
expanding population. The result is a loss of fertile land 
as tropical rains wash off the unprotected soils* the 
mountains become irretrievably barren, the plains are 
silted up. 

Local Competence 

As one flies across Hispaniola today, one sees the boun- 
dary between Haiti* in the west, and Santo Domingo as 
a long straight line across the island* with trees on the 
west side and dry barrenness on the east. This is a sym^ 
bol of a depressing principle — that it is hard to help 



those who do not help themselves. Only competence 
and realism at the local level can save people from 
catastrophe, or push them over the subtle social water- 
shed that leads to betterment rather than worsening. 

Tragically, however^ the very impact of the modern 
worid in technology* trade, even in aid* and still more 
in the psychological and political remnants of imperial- 
ism* both capitalist and socialist* often impairs local 
competence and capacity. 

The improvement of local competence must theieforc 
be of highest priority. Just as there are environmental 
impact statements, there should be competence impact 
statements on the impact of the modern world — through 
governments or corporations or international agencies 
or churches or traders — on the capacity of local societies 
to handle their own affairs. 

The great tragedy occurs when an old traditional 
competence is destroyed, and modern competence has 
not been created to fill the gap. The catastrophic impact 
of the European settlers on the culture of the American 
Indians is a case in point. This is rarely discussed, for we 
tend to think only in terms of material transfers or 
exchange. 

Yet underlying <ill human problems is the quality and 
the competence* and especially the organizational skill, 
of human beings themselves. Without them, all meas- 
ures directed towards human betterment will fail. 
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10. Conventional Fuels 
in Transition 

DON E. KASH 



America is in u pcrEod of tranbition into itb fourth 
energy era — a tranbition from oil and g;ib to other 
energy sources. 

New energy technofogies. however, are deeadesaway 
from becoming full-scale substitutes for oil and gas. It is 
therefore virtually ecnain that we will have to muddle 
through a long transition period, requiring major 
changes in our lives* 

Previous energy eras in the United States ere wood 
(1850s). coal (1880s). and oil and natural gas (1950s 
to the present). Earlier transitions between eras were 
propelled bythe twin engines of an expanding industrial- 
izing economy and the magnet of an attractive new 
energy source. Coal was cheaper and easier to use than 
wood, and so it was when oil and gas replaced coal. 

Quite different and more painful forces propel the 
present transition; shortages, high costs, and unstable 
oil supplies^ Nor is it clear what the energy sources of 
the future will be. 

Without question, the nation has madequate domestic 
supplies of oil and gas to support its present le\et of 
economic activity, let alone continued rapid growth. 
That was the message of the 1973 Arab oil boycott, a 
message repeated with cessation of Iranian exports in 
1979, 

Many Americans indict both government and indus- 
try for the failure to develop alternative sources of 
energy in the years between the 1973 and 1979 oil short- 
ages. This indictment reflects the belief that aiicrnative 
energy sources weren*t developed because shortages 
allow energy companies to make excess protus. 
-^Unfonunately. the answer is not so simple when there 
are no agreed upon substitute eneigy sources. In the 
long term, the nation must move to limitless or renew- 
ab(e energy sources such as nuclear fusion or solar 
power. 

While these are being developed, our transition policy 
will rely on some combination of conser\ation. tinding 
new oil and gas. and incre;ised use ofci>al. Each of these 
options involves painful choices. 

Conservation 

Energy conservation can he achieved in two ways. First . 
and most attractive, is more efficient use of oil and gas. 
In many areas, technology offers the opportunity tos.ive 
energy. These technological advana^s range from in* 
sulated houses* to diesel cars, to mure efficient manu- 
facturing processes. 

This relatively painless approach to conservation, 
however, will not be adequate to meet the nations 
conservation needs. Americans must also ciiange their 
lifestyles. 

To date, our willingness to live m 65 degree houses, 
drive 55 m[les tin hour, us« fewer processed foods, and 
stop applymg synthetic pnHlucts to our la^^ns has not 



been encouraging. Rather, energv shortages have con- 
tributed moa^ to inflation than conservation as we ha\e 
sought to maintain present lifestyles in the face of 
shortage-dri\en escalating energy prices. 

Simply stated, the need to conserve oil and gas has 
triggered a struggle over who has to conserve, the 
middle class or the poor, homeowners or industry The 
need to conserve is certain to create continuing social 
stresses during the transition from ti)e oil and gas era. 
and those stresses are likely to be greater if we ha\e to 
use rationing. 

Domestic Oit and Gas 

Industry advcitisements note that the easily obtained 
oil and gas have already been found. Already discovered 
domestic oil would last us just over four years if it 
supplied all our needs at the present coEisumption rate of 
6'/2 billion barrels n yean 

That more oil is there to Le found iF agreed upon. 
What it will cost to hnd it and produce it. both eco- 
nomically and environmentally, is a source of disagree- 
ment. 

Alaska and the offshore areas of the continental 
United States are believed to offer the best prospects for 
new oil and gas. with estimates ranging from two to live 
times the oil to be found in the inland 48 states. But 
development of these prospects will be expensive, take 
>ears. and eontintie to be a source of controversy. 
Furthermore, it niu.st be emphasized that domestic pros- 
pects offer no hope of being a full substitute for oil 
impons, which now make up nearly half of our daily 
consumption of 18 milliOki barrels. 

Foreign Supplies 

7l> the contrary, continued iniportsare critical to a stable 
transition period. We. however, can have tittle eonfi- 
dence in the long-term reliability of oil imports As 
e\ents in Iran in \97^-\919 emphasized, the total 
workls production capabilitv is probably only 3 million 
barrels a day more than present consumption (approxi- 
mntely 60 to 65 million barrels)— or less than the pre- 
revolutionary export level of Iran of roughly 5 inillioEt 
barrels a day. 

Some observers hope that both the production prob- 
lem ctndtlie threat of instability posed b> Middle Eastern 
politics will be mitigated b> new discoveries In Mevieo 
and potential discoveries in China. However, th;; Mevi- 
caii and Chinese prospects are sliakysourccsof hope for 
a stable transition to a new energy era 

Mexican reserves, presently estimated at 25 billion 
barrels, are being added to every year By c parison. 
U-.S- reserves, presently estimated at 2S billion barrels, 
are declining, Mexican production, however, is still only 
I to 2 million barrels a day. and it will be years before 
Mexican exports can achieve a level ec|ual to that of 
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prcrevolutionary Iran. Further. Mexico, for politiCiil 
rea^jom, jnay not follow policy of large ^cale exports. 

Chinese oil exploration and development Es!>tiil in the 
talking itage. Even if large reserves are found, there is 
no assurance that China, any tTK>re than Mexico, will 
folfcw a policy of major expons. 

On one point there is no major disagreement. Even 
with the most favorable !>ituation in term^ of both do- 
meMic di&co\eries and imports, the price of oil *ind gas 
will be high. 

Limits of Coal 

Coal offers the nation its clearest opportunity for ^^n 
assured energy source through the transition. Domestic 
coal reM)urces are huge, easily sufficient to carry us to 
our solar and/or nuelear future. 

But coal poses a seemingly endless number of prob- 
lems and ehalienges. We are still de\ eloping techniques 
and standards for mining a>al in ways that minimi/c the 
damage to the nation^ land and water— and to the 
miners' health. 

Direct burning of co<\\ rai,ses senouii pollution prob- 
lems. Because of the impacts of air |.oHution on the 
environment and human health, the ^o\erninent re- 
ijutresthe use of cleanup technologies by etectrie utilities 
and large-seale users before much of the aition s coal 



can be burned. Major differences exist o\er the ade- 
quacy and [leed for such cleanup technologies js the 
stack gas scrubbers, which take sulfur dioxide out of 
power plant smoke. No one, however, disagrees that 
scrubbers increase the cost of energy. 

Management of pollution isonly one ofthe barriers to 
substituting coal for oil and gas. Better than half the 
home's in America have gas furnaces. With mrnuscule 
exceptions, our \vhole transportation system reijuires 
gasoline or fuel oil Coal can hope to meet these needs 
only if it is eonverted to gaseous or liquid energy forms 
Although they exist in other eountries, not a single 
eommereial coal eomersion facility is operating in the 
United States. 

In his TV address to the nation following the Camp 
David poliey review in July 1919. President Carter 
proposed a major coal synthetics program. E\en were it 
to lead to the proposed production of 2^ z million barrels 
of synthetie oil by 1990— at a capital cost of o\er SlOO 
billion— this massi\e effort would meet less than 15 
pereent of our present daily use of oil. 

The transition period we are entering will thu^ ret|uire 
major eliaiige^ in indi\ idual as well as M)cial and eco- 
nomic behj\ior. We are elearly faced with the kinds ol 
diffieiilt choices all societies would rather duck, bnt 
ducking is no longer an a^nilable option. 
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11. Nuclear Energy: 
A Faustian Bargain? 

ALVIN M. WEINBERG 



It IS now almost 40 years since the first nuclear chain 
reactor was created by Enrico Fermi in Chicago. 
If we judge from the statistics — 68 nuclear reactors 
supplying 12,5 percent of our electricity in 1978* 200 
commercial power reactors in the rest of the world* and 
more than 200 reactors powering British. French* So- 
viet, and American naval vessels— nuclear power is 
now a great success. 

But nuclear power is embroiled in a bitter debate 
that pits those who believe nuclear power is too danger- 
ous against those who Insist it can be safely controlled. 

I have referred to nuclear power as a Taustian bar- 
gain/' Like the legendary Faust, who bargained for 
magical powers* we must pay a pricK for our power. 
Nuclear power* produced by the so-called breeder re- 
actor that creates more fuel than it uses* confers on 
mankind an inexhaustible energy source. In return* 
however* mankind must exert continuing \igilan(£ and 
attention to detail in handling the nuelcarsystem so as to 
avoid harm. 

Each 1000 megawatt nuclear plant can replace an 
oil-fired plant that burn;; S million barrels of oil per year 
or a eoal-fircd plant that burns 2,5 million tons of coal 
per year. Were we to replace the 300 nuclear plants 
originally planned for operation by 2000 A,D. witti 
coal-powered plants, we might ha\e to dig an addi- 
tional 750 million tons of coal annually ; if with oik we 
would have to import an additional 2500 million barrels 
of oil each year. 

With the woiiil in an energy crisis, there is the strong- 
est in.jntivc to use and to expand nuclear energy. 

Secure Sites 

But there are potential problems that center on the 
dangers of intense radioaeti\it> generated in a nuclear 
power plant, and on the pussibility that plutonium 
produced in a reactor can be used to make nuctdir 
bombs — the proliferation issue. 

The possibility of terrorist attack on a nuclear plant 
or of clandestine diversion of nuclear material must 
be guarded against. This means that nuclear facilities 
will always require heavy security. 

Such security can best be pro\idcd by clustering our 
nuclear plants in perhaps KJO hca\ il> guarded, expertly 
manned centers throughout the nation rather than 
dispersing them as we ha\e for fossil fuel power sta- 
tions. Most of the existing nuclear sites cuuld grow into 
such centers. They would be large* permanent, and 
largely self-contained, 

1'hc security demanded at such sites is a small price to 
pay for an enormous, new energy M>urcc, Moreo\er. if 
the sites are permanently dedicated to nuclear activi- 
tics, both the low-level radioactive waste;; and the re- 
actors themselves, after 40 years of operation— the 
predicted period for which they would be ser\iceablc - 
could be kept where they arc until most of their radio- 



activity has decayed. The hazards associated with our 
current practice of transporting radioactive materials 
away from the site would thus be greatly reduced. 

Radioactive Wastes 

The other concern regards radioacti\it> in a reactor, A 
typical* one millioi kilowatt plant contains about 15 
billion curies of radioactivity— about equal to the radio- 
activity due to the uranium naturall> dis!>olvcd in all the 
oceans of the world. After a reactor is shut down, th^& 
radioactivity continues to generate heat that dies a^^ay 
gradually over se\ cral weeks, the reactor must thei*;forc 
still be cooled. Eventually the remaining radioactivity 
must be isolated permanently. 

Only about 50 cubic feet of high-level radioacti\e 
wastes arc created each year by a large reactor if the 
wastes arc chemically reprocessed— somewhat more if 
the spent uranium-bearing fuel is isolated unproccyied. 
Because the volume is small, most experts who ha\c 
studied the matter believe that foolproof schemes for 
disposing of these wastes deep in the earth can be 
devised. 

Vet . it is hard to con\mcc people that c\cn the experts 
Can know much about containing man-made materials 
inside the earth for periods of 1000 years or more. By 
that time the wastes would be no more hazardous than 
the uranium originally dug out of the ground. 

In seeking foolproof schemes, we arc not asking the 
impossible. President Carter s task force on radioactive 
wastes concluded. ''Successful isolation of radioacti\c 
wastes from the biosphere appears technicall> feasible 
for periods of thousands of years — 

The technical arguments arc reinforced by a study of 
ancient man-made artifacts. In the Ekainca\cs near San 
Sebastian. Spain, there arc paintings of horses, many in 
superb condition* made by Cro-Magnons 12,000 years 
ago. If the artifacts of Cro-Magnon man could sur\i\c 
inadvertcntty in the earth this long, i;; it not reasonable 
to suppose that our geologists and ceramists and chemi- 
cal engineers can do at least as well with radioacti\e 
wastes? 

In Gabon* Africa, there is a uranium mine in which 
natural nuclear reactors operated 2 billion years ago. 
Several tons of plutonium and billions of curies of radio- 
acti\ity were formed. Yet the plutonium* and mueli. 
tliough not all* of the radioactivity remained immobi 
lizcd, Ifthc earth can locally contain r.idioacti\ity so well 
by chance, cannot modern technologists do better? 

To be sure* the isolated wastes will require surveil- 
lance—but the surveillance would be minimal, a few 
people checkingon tbc cl4)scd repositor> penodKally to 
make certain the site is undisturbed. 

Reactor Accidents 

Properly operating reactors pose a smaller insult to the 
environment than do coahlired btnlers. They emit no 
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carbon dioxide and therefore creale no long-range 
thn^at to the earth's climate. 

On the other hand, as the Three Mile Island accident 
demonstrated, should a reactor lose its cx>olant. it could 
overheat and release some of its radioactivity to the 
environment. In this respect a nucle^ir reactor is like a 
large dam: a dam, when properly operating, is a benign 
source of energy. Should the dam fail, land is flooded 
and people are drowned. 

Until theThree Mile Island accident, we in the nuclear 
cx>mmunity were confident that the probability of such 
an accident was very small. After all, the world^s pres- 
surized wa,er reactors had operated for 500 reactor 
years without an accident that harmed the public. To this 
one must add more than 1000 reactor yean> of operation 
by the nuclear navy. 

Three Mile Island has shaken this belief. Although 
no one was hurt, it the probability of such accidents is 
no lower than 1 in 500 reactor years, the publie will 
probably not accept nuclear energy. The future, indeed 
the survival, of nuclear power re<)uires us to do better. 
As the Kemeny Commission that investigated Three 
Mile Island put it. ''The legacy of TMI is the need for 
change.*" 

An Acceptable Nuclear Future 

Can we design an acceptable nuclear future, one in 



which the accident probability is mucli tower than this'' 
Of course we must, and will, correct the technical de- 
ficiencies revealed by the accident. 

But equally important, and as suggested by Kemeny, 
we must have more expert operation and isolated sites. 
We should confine all reactors to relatively few perma- 
nent sites, which would be operated by an elite corps of 
professionals, each as highly selected and trained as 
pilots of sophisticated jet aircraft. 

Beyond this the public will have to place the radiation 
hazard in better perspective. Wc must realize (hat we are 
bathed in a perpetual sea of radiation to which life has 
adapted. Unless the public (and the media) accepts 
exposure to radiation— even the remote possibility of 
exposure to dangerous levels — in the same spirit that it 
accepts exposure to other industrial pollutants, there is 
tittle chance of our enjoying the benefits of plentiful 
nuclear energy over the long run. 

Can we redeem the Faustian bargain, even as did 
Goethe's Faust> whose soul was finally saved? 

It was human fallibility that got us into trouble at 
Three Mile Island, but it was human ingenuity that 
limited the damage. An acceptable nuctear future is 
therefore possible. Three Mile Island may have given us 
the incentive to reexamine the terms of the bargain, and 
to make the changes necessary for an acceptable nuclear 
future. 
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12. Solar Energy and 
''Appropriate Technologies" 



WILSON CLARK 
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r he inlcrniHioniil oil cn^i^ worsening, and ^afei) 
I and environmental problems plague the develop- 
ment of such energy sources as nuclear fission anil coal. 
The rapid development of renewable, effKient energy 
!>upplie!> through harne!>sing the sun is thcri^forc quickl> 
becoming an important national priority 

Unlike the centralized energy sources of todny, the 
development of clean, more localized energies based 
on the sun offers the potential of a society free from 
terrorist threats at nuclear plant!>, environmental degra- 
dation from the exploration and development of the 
earth's fossil fuels, and ttie Damocles' sword of nuclear 
powe r development. 

With a major national commitment, we can build 
towards a new solar age while making the energy facili- 
ties and use patterns of today more eflficient. Conserva- 
tion of eni^rgy is important, but we must accelerate the 
use of renewable energy. 

Today, tht; only major renewable t^nergy source is 
hydroelectric power, triggered by the sun's effea on 
the world's water cycles. Hydroelectric d<ims supply 4 
percent of the nation's energy, but finding new sites will 
limit the potential of this resource. Looming in the 
future, however, are other more direct uses of the sun's 
energy. 

There are two basic ways to utilize solar energy 
in buildings: through the installation of 'active" solar 
collectors, which trap and store heat, and through 
the * passive design of buildings to maximi/c the use 
t)f natural sunlight and other climate- reLited eiierg> 
factors. 

Passive Solar Design 

Harnessing the sun s energy through passive designs has 
been the hallmark of good architecture for centuries. 
Creek and Roman buildings faced the sun to gather 
heat ; medieval castles were often built to stt)rc heat iti 
great masses of stone; tropical structures are built with 
thatch and airy breezew;iys to deflect solar heat: hnrns in 
northerly climes are built with sloping, south^facing 
rot)fs to catch M)lar heat and deflea winter snows. 

Today, the lesson5of passive solar design— neglected 
since the introduction of cheap energy, home air- 
condittoners and compact central heating systems— are 
once agam being learned. Proven passive solar tech- 
niques for new homes and buildings utilize the mass of 
thick walls, rocks, and storage device.s to store soJar heat 
captured hy a building and its witidows for later use. 
New structures tnuj be specifically designed to incorpo- 
rate large houth-facing windows, as wellasspeciahenti- 
latton techniques to cool structures in summer. 

One award-winning builder, Jevs SavelL has used 
five-inch walls of concrete and foam insulatitKi to pro- 
vide excellent a)oling qualities \n hot climates. His in- 
sulating cocoon has reduced energy requirements by 60 
percent in test homes. Such superinsulation will uii- 
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doubtedly pro\c popular as consumers recognize sub- 
stantial energy savings at low cost. 

Active Collectors 

The iictivc approach to solar energy, which uses special 
colleaors to trap heat and storage devices to save it for 
later use, is also rapidly growing. 

Early in this century, a sub.-antial market for solar 
colleaors developed in California and Florida, but the 
advent of cheap fossil fuels and elearicity curtailed the 
solar demand. As late as 1951, however, there were 
50,000 solar water heaters in Miami, 

Today, solar water heating is catching on again^ and 
nationally, the industry may reach $20 billion by the end 
of the 1980s, Solar space heating and air-conditioning 
technologies are also being developed and marketed for 
homes, commercial buildings, and industry. 

The most familiar type of solar collector consists of 
a dark metal surface covered with copper tubes for 
transferring a liquid, enclosed in a glass-covered box. 
Until recently, this was the only widely available com- 
mercial solar technology. Now, moa' than l(K) U,S, 
manufacturers produce a dazzling variety of designs, 
such as flat plate colleaors covered with plastic glazing ; 
collectors that have tracking devices to '"follow * the 
sun; and evacuated tube collectors that trap heat in glass 
vacuum tubes. 

For many household uses, simple flat-plate collectors 
can provide hot water and space heating, but for more 
sophisticated applications— such as providing heotover 
20()*F for the operation of refrigeration or industrial 
heating equipment — concentrating and trocking collec- 
tors are preferred. 

Today s solar hot water heaters cost from SI. 500 to 
S4,00() for household installations, and upwards of 
$10,000 for more sophisticoted systems. As technolo- 
gies improve in the 1980s, costs— diseoun ting iiitla- 
tion— are expected to decline. 

Photo voltaics 

A eurrently.expensive. yet very promising, iolar tech- 
nology tha/ h utilized on spacecraft in\olves plioto- 
\oltoics. whereby tiny cells (similar to the silicon semi- 
conductor chip,s used in poeket calcukttors) convert 
10-20 percent of the sunlight striking their surface into 
direct-current elearicity. 

The most common t)pe of photovoltaie ecJL the sili- 
con ceil, now costs S8-S10 per watt of generating ca- 
pjeity. when arranged in special power^generating ar- 
rays. Yet a rcduaion in ctist to SI -52 per 'peak" watt is 
expected within the next few years, as modern manu- 
facturitig techniques and new technologies for produc- 
ing the silicon raw materials arc introduced. 

Photovoltaics today are used mostly for remote p<iwer 
,rpplications. such a<; Coast Guard navigcitit)nal markers 
However, some producers report t* it village sizetl 
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powi systems around the world that now use dtcsel 
generators are finding photovoltaic systems an economic 
replace ment. 

Other large-scale solar technologies include '*power 
towers/' Special reflector mirrors, called heliostats, con- 
centrate sunlight a thousand-fold to generate steam in a 
tower- mounted boiler, which in turn is connected to (i 
conventional electric turbogenerator 

The '*solar pond/' another large-scale technology, 
makes useof special brine ponds, which trap heat at high 
temperatures that can be used for electricity conversion. 
Developed in Israel, it is now being considered for 
California's man-made Salton Sea, south of Los An- 
geles. The Salton Sea project would be the world's 
largest sm$k solar project, producing over 6()().00() 
kilo\vatts of economic, pollution- free solar electricity, 
enough to supply a half-million people. 

Wind Power 

Another solar-derived technology that promises ^^ide^ 
spread application as well as low cost is wind power. 
Wind electricity is the least expensive form of solar 
energy today, and a recent study by SRI International, 
a technology consulting firm, indicates that wind po^^er 
could supply 80,000 megawatts of electricity, equivii- 
Icnt to 80 large nuclear or coal plants, by the turn of the 
century. 

To date, several large v^ind generators ha\e been built 
by the federal government, and l<?^st one electric 
utility, the Southern California Edison Co., has initiated 



a private test program. Until recently, tlte government s 
efforts ha\e focused on gargjntuiin machmcs— each 
having rotor blades up to 300 feet in spread. Recent 
research shows.^ however, that smaller machmes (1,004) 
kilowatt, 100-200 foot blades) linked together in fa\ ar- 
able areas ma> be the best, most economic jnswer to the 
energy problem. 

Since wind generators are relatively simple, they can 
be manufactured in larg^ quantities at low cost and 
mstalled at favorable sites. The World Meteorological 
Organization estimates that 20 millinn megawatts of 
wind ^. ectricity can be harnessed on a global basis. 

Solar energy is also stored in biomass, or plant matter, 
that can be converted into liquid and gaseous fuels to 
replace petroleum and natural gas. The goal is tanta- 
lizing—the energy stored in biomass is estimated to be 
10 to 40 times the current annual human use of fossil 
fuels. 

The conservation economy and the solar transition 
are not radical, impossible steps for our civilization. 
Using energy efficiently and increasing the use of solar 
energy will have dramatic, positive effects on the U.S. 
economy. Decentralized, community approaches to 
solving energy problems encourage the de\c*iopment 
of new jobs, and solar energy will reduce the need tor 
inflationary imports of non-rciicwable fuels. 

What is needed is a major national commitment to 
this goal. The full cooperation of industr>, labor unions, 
citizens and government can make the drcajr of an 
energy-efficient solar age into a reality. 
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Gubohol — ten percent alcohol and ninety percent 
gasoline — is one of Ihe synlhetie fuels that h;ive 
intoxjcalecJ Ihe imagination of bimc who worry about 
energy. Subbltiutingaleohol and other synlhetie fuels for 
gasoline eoulcJ hctp relieve the problems of dwindling 
dorncstie and uncertain imported oil suppltcb. 

To promole ''synfuels," the U.S, government may 
spend tenb of billions of dollars. But lo do so wilhout 
<:onsidering Ihe enonnoub eeonomie and environmental 
costs would be a mistake. Indeed, the eobt of synfuels 
may be bO high thai conservation, meluding government 
subbidies for retooling induslr>. will be a far better 
investment for al least the next deeadc. 

Tlie excitement surrounding synfucls is understand- 
able, Sevenly-ftve percent of the energy we ube toda> 
is derived from erude oil and natural gas, and the fuels 
we use are moslly liquids and gases. 

Solid fuels like coal will be restricted in usefulnesb 
unless they can be liquefied or gasified, especiafJy for 
transportation uses. Even increasing ihe use of solid 
fuels in making cicctricjiy will not solve our problems — 
unless* of course, the electric car can be perfeelcd — 
because only Icn percent of the energy used b> con- 
sumers is in the form of eleelrieity. 

Thus, with Ihe oil and gas shortage, many persons 
have become convinced thai we musi have synthetic 
fuels now al any price. 

The Methane Scenario 

Crealrng fuels from biomass— plant matter and animal 
waslcs — could be Ihe cheapesi opiion for making syn- 
Ihclic fuels. Wood and crop residues, for example, can 
be converted to eilhcr liquid alcohol or mclhanc gas, 
Ihe principal component of natural gas. 

Like al] of our commonly used fuels, natural gas 
consists of hydrogen and carbon atoms. Naturally- 
occurring melhane gas wab produced by the pressure 
and heat of the earth breaking down the complex mole- 
cules of buried plants and animals. This process* dc- 
slruclivc dislillationc can be rcplicaled m gasification 
ptanis in which wood or any sutlable hydrogen^carbon 
compound is subjected lo heat and pressure. 

Gas can also be produced by using certain baclcria lo 
*digest*' biomass in the absence of air, In either case* 
large-bcale production of .synthetic gas from biomass 
currently costs several limes as much as nalural gas. 

Alcohol liquids may be produced from biomass using 
common dislillalion techniques. Biological materials arc 
fermented by Ihe addition of yeasi, and ihen ethyl 
alcohol is distilled from the ''soup,'* 

Pure alcohol cannot be tiscd in cars wilhout major 
engine alleralions, but alcohol (up to about 15 percent) 
blended with gasoline can be burned without any engine 
modification. Some gasohol is being produced and mar- 
keted today. The alcohol fraction is suhsidi7j(!d by Ihe 



government to about S ,40 per gallon, and is competitive 
for this reason. 

Synthetic gab ib albo being marketed today in \er\ 
bniall quantities. In Ihe Midwcbt. gas made from btock- 
yard manure is dclivcrcil llm^ugh natural gas pipelines 
to Cliicago consumers. The ct)sl is low because the 
resource is free. Ihough limited. 

In temib of the environment, biomass- derived fuelb 
eould be cither benign or catastrophic because re moving 
wood and crop rcsiducb from boil reduces its fertility. 
The amount of residue which may be removed safely 
varies by soil type and must be studied carefully. 

Oil Shale 

Oil bhale ib another possible bource of fucL Enormons 
quantities of liquid kerogen. a substance similar to oiL 
arc Irappcd in the pores of shale rock in Ulah and Colo* 
rado, Rclorling, or heating, shale frees Ihe kerogen, 
which may be converted inio substitutes forgasolint\ 
diesel, fuel oil, and the like. 

The problems of producing oil from shale, however, 
make usquestion its feasibility. One problem is that oil 
shale is more shale than oil. Mining and retorting each 
of shale rock produces only 25 to 35 gallons of oil, 

A second problem is that up to 5 barrels of water are 
required to produce and refine a barrel of shale oil The 
already grim shortage of water hi the oil shale regions of 
arid Utah and Colomdo may strictly limit shale oil 
production. 

Still another difficulty is that the technology of pro- 
ducing oil from shale is not well advanced, and only a 
few small plants have been constructed. There is also 
the potential forpolluting water and air with the poison- 
ous and cimccr-ca using materials that arc present in 
shale. 

Coal Gasification 

CoaL like biomass. can be converted readily to a liquid 
or lo methane gas. But even under the best circum- 
stances, coal conscrvion '^wastes'* about one-third of 
ttie potential energy in the coal. This fuel loss, coupled 
with the high price of conversion equipment, makes the 
price of synfucls high. 

Coal liquids can he produced by a mimbc' of pro- 
cesses, including the Fischcr-Tropsch process used in 
Nazr Germany to produce synthetic fuel from a)aL The 
process produces gasoline and many other compounds 
by hrsi gasifying coal and then synthesizing the giiscs 
into liquids. 

Alternatively, methyl akMhol may be produced from 
coal. Whatever fuel is made, however, the cost is high. 
Oil from coal may cost S50 or more per barrel, coiti- 
paired with an average $22 per barrel for oil in 1^7^) 

Coal production already demands a high prieu in 
human terms* as well. Families who live near strip mines 
suffer thous^mds of dollars of damages to their homes 
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from blustiogi landslides, anj hooding. The a^onv sul- 
fcrcd b\ underground miners who get lung jise<isc is 
reflected in the cost of health care und benefits to 
ameliorate this problem, one bilhon dolian each year. 
And two hundred miners die in the mines eiieh year. 
These human costs conceivably could be doubled by a 
major coal-based synthetic fuels program. 

Costs of Synfusls 

The U.S. government may spend approximaieiy $90 
billion— the amount requested by President Carter- 
over the next few years to develop synthetic fuels. The 
hoped-for benefits would be about 1>3 million barrels of 
synthetic oil per day by 1955, or about 10 tanks of 
j^asoline per car per year if all the product went into 
automobile fuel production. The synthetic gasoline 
would cost at least $2 per gallon in addition to the $4C0 
per person needed for the $90 billion start-up eost. 

How would synfuels compare with conservation in 
solving our energy problems? Cars can be built to save 
half the fuel they use at little extra total cost. The 
amount of energy that could be "produced" by doubling 
the mileage obtained by all American cars by I99t) 
would amount to 2.5 million barrels per day. about 15 
tanks of gasoline per car per year. 



Even greater savings are possible without reductions 
in safety or comfort. But achieving this conservation 
goal for automobiles vvoiild require government sub- 
sidies to accelerate retooling our auto industry. Such an 
investment! however* would be more effective than a far 
more expensive investment in synfuels. 

At some point we will need a large synthettc fuels 
industry: "When'' is largely a matter of the cost of 
synfuels relative to conventional fuels. A logical energy 
plan might begin by immediately developing and adding 
to our gas supply the unconventional natural gas that ts 
too expensive lo produce under price controls. Later* 
gas from biomass and coal could be added. The existing 
g^is pipeline system can serve three-fourths of all Ameri- 
cans, and gas can be put to almost any use. including 
operating vehicles. 

Liquid synfuel production then could be started in a 
few years by building a few full-scale plants to gain 
practical experience with processes using various hydro- 
carbon resources. Major production commitments 
should await the experience of these "pioneer plants." 

Such an energy future might be the least costly in 
terms of total costs, and a)uld be reached in ;in orderly 
fashion. 
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The oi! wc Americans now devour at ihc rate of one 
million barrels every ninety minutes was formed 
over millions of years and is composed of the leftover 
food of that prime example of immoderate growth — 
the dinosaur. Rather than learning from history's mis- 
takes, we have been burning the evidenee. 

In 1975, Amerieans wasted more fossil fuel than was 
used by two-thirds of the world's population. We annu- 
ally eonsume twice as mueh fuel as we need : > maintain 
our standard of living. 

We eould lead lives as rieht healthy, and fulfilling— 
with as mueh eomfort^ and with more employment- 
using half the energy now used. Continuation of our 
eurrent wasteful eourse is spherjeally senseless: it 
doesn't make sense no matter how you look at it. 

Resources are frequently estimated in terms of vears 
left until world produetion will ''peak" and begin to 
deeline. Despite reeent oil discoveries in Mexico, manj 
authorities believe that worldwide oil produetion will 
peak within the next deeade, 

Sinee 1973^ growth in world oil output has not kept 
pace with growth in world population. Per eapita oil 
produetion has fallen from 5,34 barrels per person in 
1973 to 5.20 barrels per person in 1978. If the govern- 
ment of Saudi Arabia were to deeide it would rather 
have oil in the ground than paper money in the bank, per 
eapita world oil produetion might never again reaeh the 
1973 level. 

Barriers to Growth 

Growth in energy usage is eonst rained by faetors other 
than theseareityof eertain prineipal fuels. Long before 
all the earth's eoal has been burned, for example, the 
burning of eoal eould be halted tlue to elimntie changes 
caused by rising earbon dioxide levels in the atmos- 
phere. 

In several states, nuclear power h^s already been 
effectively stopped by mounting public eoneern over 
safety, waste disposal, weapons proliferation, and con- 
struction eosts of nuclear plants. The dramatic reactor 
accident in Mi^rch, 1979 at Three Mile Island in Penn- 
sylvania strengthened the aiiti-nuelear tide. 

Such barriers to endless energy growth eause great 
consternation among those who believe that economic 
welJ-being requires continual growth in energy usage. 
Political exhortations for eneigy eon!u:rvation have thus 
often taken the form of calls for saeriHce, as though 
thrifty energy use were oppressive. Nothing eould be 
further from the truth. 

Benefits from Conjiervation 

A comprehensive program of energy conservation initi- 
ated today will yield vast benefits. It will en;^ Ic uur 
descendanls to share in the earth's finite sloek of fossil 
fuels, ll will allow a portion of the wi>rkrs pelroleiini 



to be used for drugs* lubricants, and other non-energy 
purposes. 

An enlightened program of energy eonservation will 
substantially bolster employment levels. Capital di- 
verted from nuelear, coal grsification plants,^ and new 
petroleum refineries to investments in conservation 
will save more energy per dollar than the produetion 
facilities eould produce, and create more jobs. 

A strong energy cxinser\ation program will allow us 
to minimize the environmental degradation associated 
with a!l current eneigy eonversion technologies. And 
the security of a modest eneigy budget is more easily 
assured than that ofan enormous one that depends upon 
a far-flung network of sources. 

But what will energy conservation mean for that 
touchstone of public policy: the economy? Is it true, as 
is apparently believed by some economists and many 
members of the public at laige, that a reining^in of our 
energy growth — however attractive it might be from 
an environmental, consumer, or labor perspective — 
would damage the economy? 

Energy and the Economy 

Comparisons between countries and between different 
facilities m the same country demonstrate that reducing 
fuel consumption need not reduce economic output. 
Consumption can be cut back by using more fuel- 
efficient industrial machinery. 

A reeent study by the Mellon Energy Institute con- 
cluded that an investment of more than $200 billion in 
increasing the energy efficiency of U,S, buildings, indus- 
triesv and transportation would save more energy than 
the same expenditure on new energy facilities would 
produce. 

For the past several dec?ides, the amount ot fuel con- 
sumed per dollar's worth of goods and services has 
fallen — despite declining real energy prie?s. With 
rismg energy prices a near-certainty in the future, this 
trend eould aeeeferate dramatically, 

A reeent exhaustive study, ^ Low Energy Strategy for 
the U/uted Ki/igdonh concluded that Great Britain eould 
triple her Gross National Product during the next 50 
years and still rcijuire less energy in 2025 than that 
eoimlry uses today. 

Opportunities for eneigy savings in the United States 
are much greater than in Britain, Per eapita energy con- 
sumption in the U.K, is only 45 percent as high as in 
America, and only 75 percent as much energy is uj>ed 
there pcrdollari>f Gross National Product. If the British 
arc wastrels, we Americans are downright gluttons. 

Industrial SuvingSf 

Industry currently eonsames about 40 percent of U S 
energy, and the upportnnitics for incrcascil efficiency 
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abound Many companies have accomplished major 
energy savings simply by eliminating waste — f., ex- 
ample, by repairing broken windows and closing factory 
doors during the winter. 

The largest future opportunitiestbr fuel savings, how- 
ever, will require more sophistication. Devices such as 
recuperators, regenerators* and heat pipes^ for ex- 
ample, help conserve the heat generated in industrial 
plants — heat that would otherwise be used once and 
discharged, or removed directly with the flue gases 
without naving been used at all 

At present, electricity purchased mainly from large, 
centralized power plants, fulfills much of industry's en- 
ergy demand The average efficiency of American 
power plants is about 30 percent; 70 percent of the 
energy originally contained in the fuel they use is dis- 
charged into the environment as low-grade heat. But 
factories have **tany needs for low-grade heat* needs 
they now meet by burning high-grade fuels. If electrical 
generation took place inside factories instead of at re- 
mote power plants, the waste heat could be efficiently 
cascaded through multiple uses* 

Investments for such "industrial co- gene ration'* re- 
quire far less capital and fuel per unit of electricity 
produced than do investments in nev^ centralized power 
plants, ' 

Transportation Policy 

Transportation ranks second* after industrv, in energy 
consumption. It accounts for about 25 percent of U.S, 
energy end-use* Shifting goods wherever possible from 



trucks and airplanes to trains, ships, and pipelines 
couid significantly increase the energy efficiency of 
transport. 

At the center of any sensible transportation policy 
must be a new approach to personal mobility, Curreni 
legislation requires a fleet average of 27,5 miles per 
gallon for new automobiles by 1985, This isastep in the 
right direction. The next steps include much greater 
mileage increases, the design of post-petroleum vc 
hides, and the establishment of land use patterns that 
diminish the need for personal transportation. 

Enormous opportunities for energy conservation also 
exist in both old and new buildings, Weatherstripping, 
insulation, storm doors, thermopane windows, sensible 
use of curtains and overhangs, time*of*day thermostats, 
more efficient furnaces, solar collectors — to name a 
few — can lower conventional fuel requirements for 
space conditioning and water heating by 50 percent or 
more. No new building permits should be issued for 
structures that don*t incorporate at least passive solar 
design features, such as windows properly placed for 
heating and cooling efficiency* 

The President's Council on Environmental Oiulit> 
noted in 1979 that, **Achieving low energy growth will 
not be easy or cheap* but it will be easier and less costly 
-than achieving high energy growth,'* It is not too (ate to 
retrace our steps before we collide with inevitable boun* 
daries on energy growth and consumption* But the 
longer we v^ait to begin a true national commitment to 
energy conservation* the more tumultuous the c\entual 
turnaround is likely to be* 
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echnolog)*^ (he answer— but thafs not Ihc ques- 
tion. 



The que!>tion is which technology (or technologic!^) 
will resolve our energy dilemma. And underlying that 
are more basic questions. What do we want our Iivci to 
be like in the future? What do we owe to future genera* 
tions? What areourresponsibilttie!> to our fellow inhabi- 
tants on Spaceship Earth? 

The energy choices we make today will affect not only 
our own lives, \alues, and institution!), but aho the 
natural environment, the resource!) and lifestyle!^ of 
generations to come, and ultimately all the carth'!> 
people. 

Understandably, we don*t want to change our lifc- 
!>tylcs. Most Americans are happy with the material 
good!) that industrial technology has brought, and we 
fear a decline in our living standards. Yet the cheap 
energy that fueled America'!! material growth in the pa!jt 
will no longer be available. What can— or should— we 
do about it? 

Jn the short run — for the next decade or so— we will 
rely chieRy on conservation to fill the gap between 
energy supply and demand; in the longer run we will 
count on a "technological fix*' to provide us with abun- 
dant (if not ncces!>arily ehcap) energy. Both of ihc^ 
solutions hold forth promises— and problems. 

Conservation and Its Limits 

Conservation would be commonscnsicat from an eco- 
nomic and ethical perspective even if we had no energy 
crisis. We Amencans wa!jtc too much of everything* 
from food to fuel. 

For individuals* conservation offers savings on fuel 
bills* and* if wc walk rather than drtvc* better hejith. For 
the nation* conservation would lessen our dependence 
on co!jtly foreign oil* which contributes to inRjtion. 

Although some con^icrvation might be a ^*good thing*" 
too much might wreak economic and .social disaster. 
White the loss of Iranian oil imports in h>79 incon^ 
vcnicnccd some drivers* there Wtts little decline in our 
living standards. 

But suppo!>c jdditional millions of barrel!) of imported 
oil were cut of^ ' . mplo>nicnt would rise a!> factoric!^ 
shut down hecausc of lack ot fuel or a transportation 
breakdown* agricultural production would dip. affect- 
ing food supplies^ public health would suffer from inade- 
quate home hCtitingt and the economy would gradutill> 
grind to a halt as vital services shut down. 

New Energy Sources 

In brief* conservation h^ itself — however de!>irjb[e atid 
necessary- is not enough to maintain our socioeco- 
Tiomie order and en!>ure the future. We must also de- 
velop new energy sources through a * technological Itx. ' 
that is. the application of more and better technology. 



Bccau!>c thc!>c technologic!) take time to develop* they 
represent longer-range solutions toour energy problem. 

How do wc choose among th6 technologies that will 
**fix** our !jituation? What benefits do they offer and 
what ri!>k!> are involved? Whjt tradeoff!^ mu!>t be made in 
thv way we live in order to obtain or retain other thing!> 
which wc value? For value!j arc implicit in our choices 
of our energy future. 

For example* wc might get more oil from offshore 
wells* but offshore drilling risks oil spills and environ- 
mental damage. Wc have plenty of coal* but mining it 
imposes danger to the miners and degradation to the 
environment, and burning it creates pollution. 

Synthetic fuels— oil and gas made from coal, tar 
sands* and shale — present the same problems as mining 
coal. In addition, they release more carbon dioxide into 
the atmosphere than the direct burning of coal and thus 
increase the possibility of a "greenhouse effect"— 
warming the earth^s climate through absorbed infrared 
radiation. 

Nuclear energy once promised unlimited* cheap en- 
ergy. But there are doubts about reactor safety* radia- 
tion* and nuclear waste disposal. The Three Mile Island 
avcident and the subsequent investigation set back the 
nuclear cause. Ycl further nuclear development might 
be necessary if wc want sufficient energy to maintain our 
lifestyles. 

Sohir energy has many attractions but technical prob* 
Icms hinder its large-scale production and storage* de- 
spite its suitability for hot water and home heating* it 
coukJ not be expected to power America s industrial 
plant. 

EA.cn ardent proponents of solar energy project its 
supplying us with onl> 20 percent of our energy by the 
year 2000. The other "soft paths"— geothermal and 
wiml — could provide onl> a minuscule portion of our 
energy needs. 

Difficult Choices 

Even if we try many different energy paths* we must still 
decide which will make the most effective use of our 
scientific research dollars and talent. And those deci- 
sions must be based not only on technical feasibility but 
also itpoti how and where wc want to live. 

Thus* solar energy proponents claim it would get us 
1)aek to the land/' and they exalt a simpler lifestyle, 
others ei|uatc the "simple life" with a lovter luing 
standard. Americans tired of the rurul lifeovera century 
aiio; moving to the cities* they created todays urban- 
ixed, industrial S(x:icty. 

Are we willing to do without our wealth of material 
goods and go back to the "simple" life of the farm? 
Might not many Americans prefer the risks of. say. 
nuclear energy rather than forgo the amenities and e\* 
eiteincnt of the big city? 
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Ail cncrgv puthi have di!>bcncfits as well as benefib< 
whieh arc often difficult to assess. Even the "experts" 
ean*t always measure the risks precisely. Besides, the 
risks might be assigned to one group, sueh its Appala- 
chian coal-miners* while others, such as Eastern urban 
dwellen> who use the energy produced b\ coal* derive 
the benefits. 

There is also the question of voluntiir> ven>u2j in\olun- 
lary rjsk. The National Academy of Sciences estimates 
that radiation from nuclear plants might cause a total of 
2,000 cancer deaths by the year 2000, whereas almost 
50,000 people a year die on ourhighwavs. Yet we volun- 
tarily drive our cars and risk a fatal accident. 

We don't always have a choice in the case of energy 
sources. True, we decide whether or not to switch on 
the clcctrte lighTTbut others decide just how that dec- 
tncity villi begencrated^ Up till novi,suchdccisiOkis ha\c 
usually been left to the marketplace, but incrcasmglv 
society, through the political process, will be determin- 
ing our energy future. 

The Role of the Citizen 

Because energy is so crucial to the nation's economy and 
well-being, the government must be concerned about 
It. In most places, the gcnciation and distribution of 
electricity and natural gas are a monopoly, so these 
public utilities must be regulated for the public good. 



And our petroleum supply increasingly depends upon 
the government s conduct of foreign relations. 

Furthermore, future energy resources will depend 
heavily on the go\crnmcni for research dollars, pilot 
plants, and tax incentives— and will be constrained by 
governmental action to protect the environment and the 
public's health. Thus, it is within our power as citizens to 
determine where the government should apply its efforts 
to bring us the energy future we want* 

Throughout our history, concerned citizens have 
brought about major transformations of American pol- 
icy. In energy matters, determined citizens have halted 
or delayed the construction of nuclear plants, oil re- 
fineries, and pipelines. 

In the last analysis, therefore, our energy future is up 
to each of us. 

Do we have (he courage to make some difficult 
choices? Or, have we become a nation of materialistic 
hedonists, as some critics say. unwilling to forgo our 
material comforts regardlcssof the effects upon others? 

(s this a crisb of the national will? 

Ifso. there arc some grounds for confidence. Despite 
recent strains, we remain the world's strongest democ- 
racy, and we shall retain our scientific preeminence. If 
we put our w ill to the (est. wcshould be able to surmount 
the current energy crisis just as * have overcome 
previous national crises. 
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